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ABSTRACT 
This geographical investigation of land use and water use in the 
Esfahan region of Iran is concerned with the consequences of Man's 
management, development and exploitation. In the introductory 
chapter, the context of the research, the reasons for the selection 
of the Fsfahan region as a study area and the main themes of the 
thesis are discussed. A systematic analysis is presented of the 
environmental characteristics, principally the geology, 
geomorphology, pedology, climate and hydrology of the area. The 
history of Man's adaptation to these constraints is reviewed; the 
contemporary patterns of land use and water use are examined; and the 
data and the statistical and cartographical analyses employed in the 
study of the patterns are discussed. Local variations of water 
resource practice, agriculture and rural population are elucidated. 
The effects of urban expansion and industrial development upon the 
region's water balance are considered. 
iv 
ACI<NOWLECGEr'rENTS 
It is impossible to mention by name all the people from whom I 
received assistance in the research work for this thesis. First and 
foremost, I am grateful for the supervision by Professor P. Beaumont 
and Dr. R. Harris. I wish to thank Professor W.B. Fisher for his 
permission to use the facilities of the Geography Department. The 
Social Science Research Council and the British Institute of Persian 
Studies generously provided the funds necessary to undertake the 
research. 
I wish to express my thanks to Professor Iran Ghazi and Dr. 
Davidian who kindly arranged both my accommodation in the University 
of Esfahan and my introduction to very useful sources of data. My 
research benefited immeasureably from my meetings with Mr. A. 
Meydar who provided me with much valuable information. I appreciate 
the patience and willingness to answer my innumerable questions of 
Engineer Rafi and Mr. A. Gabapour of the Esfahan Regional Water 
Authority. I am indebted to the Sogreah Consulting Engineers, 
particularly Dr. P. Barriere who has so kindly and continually 
provided me with essential data. My understanding of the Esfahan 
region was enhanced by conversations with Mr. A. Schpanzer. Dr. 
D. Ardibili (National Iranian Steel Industries Corporation) and Mr. 
K. Lewis (British Steel Overseas Division) gave me their individual 
views on iron and steel production methods in Iran. Mr. A. Motosov 
arranged for me to have a guided tour of the Arya Mehr steel works. 
I value the material provided by Mrs. Arfa, Dr. Bybordi, Mr. 
B. Farrokh, Mr. Ghiasi, Mr. Kassai and Mr. Tavakoli of the Plan 
and Budget Organisation of Tehran. I acknowledge the help of Dr. 
Banai of the Soil Institute of Iran and Dr. Gahemi, Dr. Ghazinuri, 
Mr. M. Moeni and Mr. Zakarian of the Iranian Meteorological 
Organisation. At the Ministry of Energy, I received considerable 
aSsistance from Mr. A.G. Mehrdad of the Surface Water Hydrology 
Department, Mr. A. Firuzian of the Bureau of Water Planning, and 
Mr. Biggs, Mr. B. Ferguson, Mr. K. Gibbs, Mr. D. Hallett and 
Mr. J. Parks of the Developnent and Resources Corporation. 
Consultants who contributed much useful material were Mr. M. 
Barton, Mr. A.K Dar, Dr. Goodwin, Mr. B. 
Vaccari of the Ministry of Agriculture and Dr. 
Ministry of Industry and Mines. 
Lee and Mr. A. 
A. Rosenthal of the 
My research benefited considerably from the expertise of Mr. 
D.C. Whitehead and Mr. M. Munro of the Durham University Computer 
Unit in the analysis and graphical representation of the data. Mr. 
T.D. lee and Dr. P. Jones were of great assistance 
this thesis by computer-assisted text processing. Mr. 
Dr. B. Diaz also gave me much help in this process. 
v 
in producing 
P. Waite and 
I have also received helpful comments and advice from Mr. T. 
Adams, Dr. R.I. Lawless of the Middle East Documentation Centre, 
Miss A. Lane and Mrs. S. Parker of the Geography Department and 
Mr. T. fulton and Mr. G. Garrard of the Geology Department. 
MY final thanks are to my fiancee, Miss Alicia Milne, and to my 
mother for their unfailing encouragement, support and practical 
assistance. 
CONTENTS 
ABSTRACT ••••• D. 0 •••• 0 •••••••• 0 •••••••••••••••••• iii 
Acmo~~s ... 0 0 •• 0 ••• 0 0 • 0 •• 0 • 0 0 0 0 0 0 0 D 0 0 •••• i v 
CONTEN"TS ••••• o o o •••••••••••••• o ••••••••••• o • o •••• vi 
LIST OF TABlES •••••••••••••••••••••••••••••• o ••• xii 
LIST OF FIGIJRES ••••••••••••••• D •••• 0 •• D •••• 0 •• D 0 .'XV 
PRWACE ••••••••••••••• o •••• • ••••••••••••••••••• xx 
ABBREVIATIONS ••••••••••••••••••••••••••••••••••• xxi 
CONVm.SIONS •••••••••••••••••••••••••••••••••••• xxi i 
GI.OSSARY. • • • • • • • • • • • • • • • • • • • •••••••••••••••••• XX iii 
CHAPTER ONE: INTRODUCTION 
1 • 1 LAND AND WATER RESOURCES OF IRAN •••••••••••• 1 
1 • 2 LAND AND WATER RESOURCES OF THE 
FSFAHAN REGION ••••••••••••• 4 
1.3 THE IMPORT~TCE OF WATER. IN THE 
ECONOMY OF THE ESFAHAN Rill· ION •••••••••••••• 4 
1 • 4 WATER AS A CONSTRAINT ••••••••••••••••••••••• 5 
1 • 5 Sl.JMMARY ••••••• o ••••••••••••••••••••••••••••• 6 
CHAPTER TWO: ENVIRONMENTAL CONSTRAINTS 
2 • 1 INTRODUCTION. • • • • • • • • • • • • • • • • • • • • • • •••••• 7 
2.2 LOCATION AND TOPOGRAPHY ••••••••••••••••••••• ? 
2.3 GEOLOGY 
2.3.1 Introduction And Data Sources.... . •• 8 
2.3.2 TectoniCSe••••••••••••o•o•••••••• ••o8 
vi 
2. 3. 3 Stratigraphy . .................. o o ••••••• 9 
2. 3 . 4 Structure . ................ o •••••••••••• 1 3 
. 2. 4 GEOMORPHOLOGY 
2.4.1 Introduction And Data Sources ••••..•••• 13 
2.4.2 Source Of The Zayandeh Rud ••••...••••.. 14 
2.4.3 Ochian Region .••..••••••••.••••....•••• 14 
2.4.4 Lenjan And Mahyar Plains ••••.•..••.•••• 15 
2.4.5 Naja£abad Plain •••••••••••••••••••••••• 16 
2.4.6 Falvardjan And Esfahan Plains •.•••••••• 16 
2 • 4 . 7 Karared j Plain ••••••••••••••••.•••••••• 17 
2.4.8 Baraan And Rudasht Plains •••••••••••••• 17 
2. 5 AQUIFERS 
2.5.1 Introduction And Data Sources ••.••••••• 18 
2.5.2 Gravels Deposited During The 
Quaternary And Recent Periods •.•••••••• 18 
2. 5. 3 Gravels Deposited Pefore The 
Quaternary Period •••••••••••••• 20 
2. 6 SOILS AND VEGETATION 
2.6.1 Soils •••••••••••••••••••••.••••.••••••• 23 
2.6.2 Destruction Of Natural Vegetation •••••• 27 
~.7 CLIMATE 
2. 7.1 Introd.uction ........................... 28 
2.7.2 Precipitation .......................... 28 
2. 7. 3 Temperatl.lre . ........................... 32 
2. 7. 4 E\raporation . ........................... 34 
2.8 SURFACE WATER RESOURCES 
2.8.1 Introduction And Data Sources ••...••••• 35 
2.8.2 Surface ~later Quantity ••.•••••••••••••• 35 
2.8.3 Surface Water Quality •••••••••••••••••• 43 
2. 9 GROUND WATER RFSOURCFS 
2.9.1 Ground Water Quantity ••••.•.••••••••••• 49 
2.9.2 Ground Water Quality •••••••.••••••••••• 56 
2. 10 CONCWSIONS . .............................. 64 
vii 
CHAPTER THREE: HISTORICAL DEVELOPMENT 
3. 1 INTRODUCTION o •••• o ••••••••••••••••••••••••• 66 
3.2 MADI ~ORK ........•.. o o o o a •• o o o o o •• o o o o o a67 
3.3 EARLY LAND USE AND WATER USE DEVELOPMENT .•• 67 
3. 4 WATER SHORTAGE OF THE SEVENTEENTH 
cmTTJR.Y ••••••• o •• 69 
3.5 HYDRO-AGRICULTURAL DECLINE ...••.••..•..•... 70 
3.6 HYDRO-AGRICULTURAL REGENERATION .....•...... 71 
3. 7 CONCIDSIONS . ..................... o • o • o •• o o • 72 
CHAPTER FOUR: DATA AND ANALYSIS 
4. 1 DATA SOURCES 
4. 1 . 1 Selection . ........... o •••• o ••• o • o •••••• T3 
4.1.2 Fieldwork ......... o. o o o •••• o ••••••••••• 73 
4.1.3 Agencies In The Fsfahan Region •..•••.•. 74 
4.1.4 Agencies In Tehran •••••...•.••••.••••.. 74 
4.2 DATA ATTRIBUTES 
4.2.1 Positive Attributes •.•••...•..•..••••.• 75 
4.2.2 Negative Attributes ..••••....•.•....••. 76 
4. 3 DATA ORGANISATION •.......••.......•.....•.• 76 
4.4 DATA ANALYSIS 
4.3.1 Cartographic Analysis •.•.......•..•.••• 77 
4.3.2 Statistical Analysis ••.••.....•...•...• 80 
CHAPTER FIVE: WATER SUPPLY PATTERNS 
5o 1 INTR.ODUCTION • .•......•...• o o ......•.... o .• o82 
5 . 2 LEGISLATIVE AND GOVERNMENTJ' INFLUENCES 
5. 2. 1 Situation In 1977 .••...•.......••...... 82 
,5.2.2 Moslem Customary Iaw ...••..•.....•.•••. 82 
viii 
5.2.3 Civil Code••••••o••oaao•••o••••••••••••83 
5. 2. 4 Tomaro o o o • o o • o o o o o •• o o • o ••••••••••••• o o84-
5.2.5 Law Of Shahrivar, 1309 •.....•••..•..••• 87 
5 0 2 . 6 Law Of 1 322 .. 0 •••••• 0 •••••••••••••••••• m 
5.2.7 Ministry Of Water And Power ...•••••...• m 
5.2.8 Water Resource Nationalisation .•......• 88 
5.3 GROUND WATER EXPLOITATION: OANATS 
5. 3. 1 Qanat Excavation ••...••.....••••••....• 92 
5. 3. 2 Qan.at locations . ....................... 93 
5.4 GROUND WATER EXPLOITATION: WELlS 
5.4.1 General Information •..•••..•••••.•..••. 97 
5.4.2 Well Wcations ......................... gt3 
5. 5 SURFACE WATER EXPLOITATION 
5. 5. 1 General Features Of The Mad i 
Irrigation S,ystem ••••.•..•• 104 
5.5.2 General Features Of The Modern 
Irrigation Network •...•••• 105 
5. 5. 3 Local Features Of The Mad i And 
Modern Networks •••..••• 107 
5 • 6 CONCIDSIONS .•..•.....•••..•..••.........•• 116 
CHAPTER SIX: AGRICULTURAL PATTERNS 
6. 1 INTRODUCTION 
6. 1 • 1 Economic Aspects •••••••...••••••.•...• 118 
6. 1 . 2 Planning Aspects •....••....• o o ••••• o •• 11 9 
6.1.3 Environmental Aspects ••.••..••.•.....• 120 
, 6. 2 PATTERNS OF LAND-OWNERSHIP 
6.2.1 I.e.rld Reform ........... o ••••••••••• o ••• 141 
6. 2. 2 Peasant Holdings ............•...••..•• 121 
6.2 .3 I.e.rldlords .•.•.••••...••............... 122 
6.2.4 Share-Cropping ••.•..••••.•..•••......• 122 
6. 2 o 5 Le Remembrement ..•••..•.•....•. o •••••• 123 
6.3 PATTERNS OF CO-OPERATIVE LOCATION ••...•.•• 123 
6.4 PATTERNS OF MECH~TISATION •••••...•.•..•..• 124 
ix 
6.5 CROPPING PATTERNS 
6.5.1 Patterns Of Irrigated And Rainfed 
Cultivation •••.• 125 
6.5.2 Patterns Of Fallow Land .•••.•...•..••• 128 
6.5.3 Patterns Of Irrigated Wheat And 
Barley Cultivation .•..••• 129 
6.5.4 Patterns Of Rainfed Wheat And Barley 
Cultivation.140 
6.5.5 Patterns Of Rice Cultivation •.•.•.•.•• 141 
6.5.6 Patterns Of Fodder Production •...•..•• 143 
6.5.7 Patterns Of Sugar-Beet Cultivation .... 145 
6.5.8 Patterns Of Oil Producing Crops •....•• 149 
6.5.9 Patterns Of Tobacco Cultivation •....•• 151 
6.5.10 Patterns Of Vegetable Cultivation .•.• 151 
6.5.11 Patterns Of Orchard Fruit Cropping .•• 161 
6.5.12 Patterns Of Viticulture ••....•.•.•.•• 164 
,,6. 5. 13 Patterns Of Pistachio And Almond 
' 
Cultivation •..•• 165 
6.5.14 Patterns Of Woodland .....•••••••..•.• 166 
6.6 LIVESTOCK PATTERNS 
6.6.1 Meat Production •••••..••...•••....••.• 166 
6.6.2 Patterns Of Cattle Rearing ...•......•• 167 
6.6.3 Patterns Of Sheep And Goats •••.•...•.• 171 
6.6.4 Patterns Of Beasts Of Burden •......•.• 173 
6.6.5 Patterns Of Camels And Pigs •••..••.••. 178 
6. 7 CONCIUSIONS . .............................. 178 
CHAPTER SEVEN: POPULATION PATTERNS 
7. 1 INTR.ODUCTI ON • •••••••••••••••••••••••••••• 1 00 
7.2 RURAL POPULATION PATTERNS 
7. 2. 1 Estimates Of Rural Population •......• 1 00 
.7. 2. 2 Villages In The Esfahan Region ......• 181 
7.2.3 1966 And 1974 Data Sets •....•......•. 181 
7.2.4 Population Density Variations ••••.••• 182 
7.3 URBAN AREAS OF THE FSFAHAN RmiON 
7. 3. 1 Naj a.fabad. ...• o ••••••••••••••••••••••• 202 
7.3.2 Homayounshahr .......•.•.•...•••.••.•• 203 
X 
7. 3. 3 Esfahan . ....... o •••••••• o •••• o • o •• o •• 204 
7.4 FUTURE POPULATION INCREASES AND AREAI, 
EXPANSIONS OF THE URBAN AREAS •.••••••••• 209 
7 . 5 C ONCIUSI ONS . . . . . • • • . • • o ••••• o •••••••••••• 21 3 
CHAPTER EIGHT: CURRENT AND FUTURE WATER BALANCE 
8.1 CURRENT WATER AVAILABILITY .....••......•• 214 
8.2 CURRENT WATER DEMAND 
8.2.1 Current Agricultural Water Demands .•• 214 
8.2.2 Current Industrial Water Demands ••••• 215 
8.2.3 Current Municipal And Domestic 
Water Demands •.••••• 217 
8.3 PROJECTED WATER AVAILAILITY •••.•.•..••.•• 217 
8.4 PROJECTED WATER DEMANDS 
8.4.1 Projected Agricultural Water Demands.218 
8.4.2 Projected Industrial Water Demands ••. 218 
.8.4.3 Projected Municipal And Domestic 
Water Demands •..•• 222 
8.4.4 Future Problems Of Water Allocation .• 223 
~ 
8. 5 CONClUSIONS .•...••......•..•.••....••.•.• 224 
~em .................................. . 226 
APPENDIX I:MAP INFORMATION SOURCES ••......... 261 
APPENDIX II :THE CORRESPONDENCE BETWEEN THE 
IRANIAN AND GREGORIAN CALENDARS •• 264 
APPENDIX III:DATA POINT NAMES AND 
CO-ORDINATES ...........•....•..• 265 
xi 
LIST OF TABLES 
Following page 
2.1 Geological Time Periods •....••••.•••.•.• 9 
2.2 Monthly Precipitation At Kuhrang .....•. 29 
2.3 Monthly Precipitation At 
Pol-e-Zaman.kh.an o o o o o o o o. o o •• o. o o o • o o. o. 29 
2.4 Monthly Precipitation At 
Pol-e-Kalleh .. o o o ••••• o •••••• o •••••• o •• 29 
2.5 Monthly Precipitation At 
Naj afabad ........... o o •••••• o o o o o •••••• 29 
2.6 Monthly Precipitation At 
Esfahan . ... o ••••••••••••••••••••••••••• 29 
2.7 Monthly Precipitation At 
Falvardjan, Nekuabad, 
Pol-e-Khadju, Ziar 
and V arzaneh ........................... 29 
2.8 Temperatures At Kuhrang •...•.•••..••••• 32 
2.9 Temperatures At Pol-e-Zamankhan ••.••... 32 
2.10 Temperatures At Pol-e-Kalleh .•..•...••• 32 
2.11 Temperatures At Najafabad •••....••••.•. 32 
2.12 Temreratures At Esfahan •.••..•...•....• 32 
2.13 Evaporation At Fslvardjan .•.••.••••..•• 34 
2.14 Average Monthly Discharges Of The 
Zayandeh Rud At Pol-e-Zamankhan ••.•..•• 36 
2.15 Average Monthly Discharges Of The 
Zayandeh Rud At Pol-e-Kalleh ••••••..•.• 36 
2.16 Average Monthly Discharges Of The 
Zayandeh Rud At Mazraeh .••••••••••••••• 36 
2.17 Average Monthly Discharges Of The 
Zayandeh Rud At Pol-e-Baba Mahmud •••••• 36 
2.18 Average Monthly Discharges Of The 
Zayandeh Rud At Garmasseh •••••.•••.•••. 36 
2.19 Average Monthly Discharges Of The 
Zayandeh Rud At Pol-e-Khadju .......•..• 36 
2.20 Average Monthly Discharges Of The 
Zayandeh Rud At Ziar .••••...•••••.•.•.• 36 
2.21 Average Monthly Discharges Of The 
Zayandeh Rud At Varzaneh ••..........••• 36 
2.22 Inflow To The Shah Abbas Reservoir ...•. 42 
2.23 Zayandeh Rud: Seasonal Water Quality 
Variations . ............. o • o •••• " •••••• • 44 
xii 
2.24 Ochian Region: Deep Aquifer •...•.••••.• 58 
2.25 South-Western Area Of The Lenjan 
Plain ...................... o ••• a o •••••• 58 
2.26 Central Area Of The Lenjan Plain •..••.. 58 
2.27 Northern Area Of The Lenjan Plain ••.•.• 58 
2.28 Western Area Of The Lenjan Plain •..••.• 58 
2.29 South-Eastern Area Of The Lenjan 
Plain . ................ o • o o ••••••• o •• o • o 58 
2.30 Aquifer Of The Zayandeh Rud Gravels .•.. 59 
2. 31 Morgbab Aquifer •••.••••....•.....••••.• 59 
2.32 Northern Border Of The Najafabad 
Plain . ................... o ••••••••• o ••• 59 
2.33 Eastern Border Of The Falvardjan 
Plain . .................. o •••••••••• o ••• 59 
2.34 Aquifer Of The Zayandeh Rud Gravels •.•• 60 
2.36 Kararedj Plain: The Aquifer Of The 
Za.yandeh Rud Gravels ••••••••.••.••••••• 61 
2.37 North Baraan Plain: The Aquifer Of 
The Zayandeh Rud Gravels ••••••••.•.•••• 61 
2.38 South Baraan Plain: The Aquifer Of 
The Zayandeh Rud Gravels ••••.•.....•••• 61 
2.39 Margh Depression .••••••...••.•..••••••• 61 
2.40 Depression To The South Of Ziar .•..•.•. 62 
2. 41 Rudasht Plain: Upstream Left Eank 
Area . ....................... o •••••••••• 62 
2. 42 Rudasht Plain: Downstream Right B9nk 
Area . .............................. o ••• 62 
6.1 Results Of Land Reform In The 83 
Sample Villages .••..•••....••..••..••• 121 
6.2 Land Holdings Received By The 
Villagers Of The Bara.an Plain .•••••••• 121 
6. 3 Landlords' Holdings ••. • •.•..•..•.••.••• 122 
6.4 Properties Belonging To The Landlords.122 
6.5 Land Directly Exploited By Landlords •. 122 
6.6 Modes Of Land Exploitation .•.•..•..••• 122 
6.7 Hectarages Of Cultivated Land ...•..•.• 125 
6.8 Hectarages Of Irrigable Land ..•.•....• 125 
6.9 Hectarages Of Rainfed Cultivation ..... 125 
6.10 Data Points With Irrigable Areas 
Of 400 Hectares Or More •.••.. 127 
xiii 
6o11 Hectarages Of Irrigated Wheat ..•• o ..•. 129 
6o12 Hectarages Of Irrigated Barleyo•··o·•·129 
6.13 Hectarages Of Rainfed Wheatoooo••••oo•140 
6.14 Hectarages Of Rainfed Barleyo•••••o•o•140 
6.15 Hectarages Of Rice.o•••••••o••o•o••••·141 
6oi6 Hectarages Of Fodderoooo••o•o•oo•••ooo141 
6o17 Hectarages Of Sugar-Beet .. o••••o••····145 
6.18 Hectarages Of Oil-Seed Crops ••••.. o.o.145 
6.19 Hectarages Of Irrigated Cotton •.....•. 145 
p.20 Hectarages Of Cucurbit Vegetable 
Crops • •••••• o o •••••••••••••••••••••••• 151 
6.21 Hectarages Of Non-Cucurbit Vegetable 
Crops • .•.••..••••••••.••••.•.••.•.••.. 151 
6.22 Hectarages Of Orchard Fruit Trees •.• o.161 
6.23 Hectarages Of Vineyards •••.••••••••••• 161 
6.24 Hectarages Of Almond Trees •..•••.. o ••• 161 
6. 25 Numbers Of Cows •.•....•••......•.••. o • 167 
6.26 Numbers Of Sheep And Goats •..•••...••• 171 
. 6. 27 Numbers Of Sheep .•.•..••.••..•••.•...• 171 
6.28 Numbers Of Goats ••.•.•••...•...•••..•• 171 
6.29 Numbers Of Oxen •••.•••.••.....••.•.••• 174 
6,.30 Numbers Of Horses And Donkeys •••••• o •. 174 
6.31 Numbers Of Donkeys •••••.•.••.•.••••.•. 174 
6.32 Numbers Of Horses •.•...•••.•.•.•..• o .• 174 
6.33 Numbers Of Mules ••••..•••..•.•••..•.•. 174 
7.1 Numbers Of Carpet Weaving Frames .•••.. 187 
8.1 Current and Projected Water Demand 
and Availablility •.•.••••• o •.•.•....•• 214 
xiv 
LIST OF FIGURES 
Following page 
2.1 The Location Of The Esfahan Region ...•..•• ? 
2. 2 The Topography Of The Esfahan Region 
And The Area To The West .....•......•..... ? 
2.3 The Formation Of Iran .•..•..••••....••.•.• 8 
2.4 The Geology Of The Esfahan Region •...•.•.• 9 
2.5 Generalised Fault Map Of Iran •.•......••• 13 
2.6 The Plains Of The Esfahan Region •..•...•. 14 
2.7 The Gravels Deposited By The 
Zayand eh Rt.ld ••••••••••••••••••••••••••••• 18 
2.8 The Soils Of The Esfahan Region .••..•••.• 23 
2.9 Precipitation Gauges •••••••••••.••••••••• 29 
2.10 Mean monthly precipitation: 1961-1969 •••• 29 
2.11 Kuhrang: mean monthly temperatures 
1 961 -1 969 •••.•••.• 0 •••••••••••••••••••••• 32 
2. 12 Pol-e-Zamankhan: mean monthly 
temperatures 1961-1969 •••..••••••••••••.. 32 
2. 13 Pol-e-Kalleh: mean monthly 
temperatures 1961-1969 •••••••••••..•..••. 32 
2.14 Najafabad: mean monthly 
temperatures 1961-1969 •••••...•...•.•.•.. 32 
2. 1 5 Esfahan: mean monthly 
temperatures 1961-1969 
Fsfahan: mean monthly 
temperatures 1970-1978 ••.••.•••.•..••.••. 32 
2.16 Falvardjan: mean monthly 
evaporation 1969-1978 •.......••.•.••••... 34 
2.17 Surface Water Gauging Stations •.•..•••••• 36 
2. 18 Annual Hyd rographs .....••..•••..•..•.••.• 37 
2.19 Natural Zamankhan-Ahwaz Regression .•.•..• 40 
2.20 Natural Pol-e-Zamankhan Discharge ..•..•.• 41 
2.21 Inflow To Shah Abbas Reservoir .••.•.•...• 42 
2.22 Outflow From Shah Abbas Reservoir •.•••... 42 
2.23 Water Table Levels In Spring 1978 ...••... 50 
2.24 Ground Water Quality Variations .....••... 57 
2.25 Conductivity Variations ..•••.•.•...•.•••• 57 
2.26 S.A.R. Variations •......••.••.•....•..••• 57 
XV 
4.1 741 Data Points ••.•...•.•.•.•.•..•.•..... 78 
5. 1 Tomar Districts .•...•....•...•......•••.• 85 
5.2 Minist~ Of Energy Water Management 
Administration Areas In 1975 .•..•...•.... 89 
5.3 A Qanat: cross-section ...•••.•..•...•..•. 92 
5.4 Sub-Areas Of The Fsfahan Region .....•.•.• 93 
5.5 1966: Qanat Water Supply ........•......•• 93 
5.6 1974: Supply Of Qanat Water In The 
Esfahan Region . .......................... 93 
5.7 Qanats Of The Ochian Region •••••••..••... 94 
5.8 The Qanats Of The Najafabad Plain .•..•••. 94 
5.9 1966: Shallow Wells .•••.••••...••.••••••• gs 
5.10 1966: Semi-Deep Wells In The Esfahan 
Region . .................................. 98 
5 . 11 1 966: Deep Wells ......................... 98 
5. 12 1 97 4: Shallow Wells In The Esfahan 
Region . .................................. 98 
5.13 1974: Semi-Deep Wells •••••..•••.•..•.••.. gs 
5.14 1974: Deep Wells In The Esfahan 
Region . .................................. 98 
5.15 Extent Of Madi Irrigation ..•.••.•••••••. 104 
5.16 Location Diagram For 
Figures 5.17, 5.18, 5.19 and 5.20 ••.••.• 107 
5.17 Nekuabad Left Bank System ••••••••••••••• 107 
5.18 Nekuabad Right Bank System •••••.••.••••. 107 
.5.19 Abshar Left Bank Systern ••••••••••••••••• 107 
5.20 Abshar Right Bank S,ystem .••••••••••..••• 107 
6.1(a)Sub-Areas Of The Fsfahan Region •.•...••. 125 
6.1(b)Cultivated Area In The Esfahan Region ••. 125 
6.2 Irrigable Area In The Esfahan Region ...• 125 
6.3 Rainfed Cultivation In The Esfahan 
Region . ................................. 1 25 
6.4 741 Data Points: Total Cultivated 
Areas • ...•••••••..•......•.•..•••..••.•• 1 25 
6.5 1974: Flour Mills •••.••...••........•.•. 130 
6.6 1966: Irrigated Wheat Cropping In 
The Fsfahan Region ••••.•.••••..••.•.••.. 131 
6. 7 1974: Irrigated Wheat Cropping In 
The Esfahan Region •....•..•••••••..••.•• 131 
xvi 
6.8 741 Data Points ••••..••••••••••••••••••• 131 
6. 9 Scatter gram . ... o •••••• o ••••••••••• o D • o •• 136 
6.10 1966: Irrigated Barley Cropping In 
The Esfahan Region ••••••••••••••••.••••• 136 
6.11 1974: Irrigated Barley Cropping In 
The Esfahan Region ••••••••••••••••.••••• 136 
6.12 741 Data Points: Areas Of Irrigated 
Barley Cul ti vat ion ...................... 136 
6 . 1 3 Seatter gram. . . . . . . . . . . .... o o • o o o •••••••• 1 36 
6.14 1966: Rainfed Wheat Cropping In The 
I!Efahan Region . .... o ••••••••••••••••••• • 140 
6.15 1966: Rainfed Barley Cropping In The 
.Esfahan Region . ..... o ••••••••••••••••••• 140 
6.16 1974: Rainfed Wheat Cropping In The 
fufahan Region . ......................... 140 
~. 17 1974: Rainfed Barley Cropping In The 
Esfahan_ Region . ... o ••••••••••••••••••••• 140 
6.18 1966: Rice Cropping In The Esfahan 
Region ..........•.••.•.•..•.•••.••..•..• 141 
6. 19 1 97 4: Rice Cropping In The Esfahan 
Region . ....•••••••••••••...•••.........• 141 
6.20 741 Data Points: Areas Of Rice 
Cul ti va.tion . ............................ 142 
6.21 Scattergram ............................. 142 
6. 22 1974: Fodder Cropping In The Esfahan 
Region .................................. 143 
6 . 23 1 966 : Alfalfa.. . . . o ••••••••••••••• o •••••• 1 44 
.6 • 24 1 966 : Clover . ....•.......•........••.... 144 
,6.25 1966: Sugar-Beet •••••••••••••••••••••••• 145 
6.26 1974: Sugar-Beet Cropping In The 
J!Bfahan Region . ................... o ••••• 14 5 
6.27 741 Data Points: Areas Of Cultivation ••• 145 
6. 28 1974: Oil-Seed Cropping In The 
:BBfahan Region . ......................... 149 
6.29 1966: Irrigated Cotton •••••••••••••••••• 150 
6.30 1974: Irrigated Cotton Cropping In 
Esfahan Region . .......... o •••••••••••••• 150 
q.31 1974: Tobacco Cropping In The 
Fsfahan Region .................... o •••• o 151 
6. 32 1 966: Melon . ............... o •••••••••••• 1 51 
6.33 1966: Water Melon ••••••••••••••••••••••• 151 
6. 34 1 966: Cucumber . .. o •• o • o •• o •••••••••••• o • 151 
xvii 
6.35 1974: Cucurbit Vegetable Cropping 
In The Esfahan Region ••••••••••••• 151 
6.36 741: Data. Points: Areas Of Cucurbit 
Vegetable Cultivation ••••••••••••••••••• 151 
6.37 741 Data Points: Non-Cucurbit 
Vegetables o o o o o o o o o • o •• o o o o o o o. o • o o •• o o o 156 
6.38 1974: Non-Cucurbit Vegetable Cropping 
In The Esfahan Region ••••••••••••••••••• 156 
~.39 1974: Orchard Fruit Cropping ••.••••••••• 161 
6. 40 1966: Apricot . ......... o ••••••• o o o ••••• o 161 
6.41 1966: Apple .............. o. o •••••••••••• 161 
6 • 42 1 966 : Quince ........ o •••••• o •••••••••••• 1 61 
6 . 4 3 1 966 : Pear . ...•.•••. o • o o o • o ••• o o •••••• o o 161 
6. 44 1 966: Cherry . ............... o ••••••••••• 161 
6.45 1966: Pomegranate ••••••••••••••••••••••• 161 
6.46 1966: Pll.liil .•.•••..•......•..•.... o •••••• 161 
6.47 1966: Black Cherry •••••••••••••••••••••• 161 
6.48 1974: Vineyards In The Esfahan Region ••• 164 
6.49 1974: Pistachio Cropping In The 
Thfahan Region .. ....................... . 165 
6. 50 1 97 4: Almond Cropping In The 
Fsfahan Region . ......................... 165 
6.51 1966: Woodland In The 
Esfahan Region . ........................ . 166 
. 6. 52 Scatter gram . ............................ 167 
6.53 741 Data Points: Cows ••••••••••••••••••• 167 
6.54 1966: Cows In The Esfahan Region •••••••• 167 
6.55 1974: Cows In The Fsfahan Region •••••••• 167 
6.56 1966: Sheep And Goats In The 
Esfahan Region . ................ o •••••••• 171 
6.57 1974: Sheep And Goats In The 
fufahan Region . ......................... 171 
6.58 1974: Sheep In The Esfahan Region ••••••• 171 
6.59 1974: Goats In The Esfahan Region ••••••. 171 
6. 60 Scatter gram . ............................ 171 
6. 61 7 41 Data Points: Sheep And Goats •..••••• 171 
6.62 1966: Oxen In The Esfahan Region •.•••••• 174 
6.63 1974: Mules In The Esfahan Region ••••••• 174 
6.64 1966: Horses And Donkeys In The 
Esfahan_ Region . ........ o o •• D •••••• o D D ••• 17 4 
6.65 1974: Horses And Donkeys In The 
Esfahan Region ................... D •• o. o .174 
xviii 
6.66 1974: Donkeys In The Esfahan Region ...•. 174 
6.67 1974: Horses In The Esfahan Region ..•... 174 
6.68 741 Data Points: Horses And 
Donkeys o ••••••••• o • o o ••• o ••• o ••••••••• o • 17 4 
6 o 69 Scatter gram o o • o o ••••••••••••••••• o o o • o o o 17 4 
6.70 1974: Camels In The Esfahan Region •..... 178 
6.71 1974: Pigs In The Esfahan Region ••...... 178 
7.1 Sub-Areas Of The Esfahan Region .••••••.. 181 
7. 2 1966: Households In The Esfahan Region •• 182 
7. 3 1974: Households In The Esfahan Region •• 182 
7.4 1966: Rural Population •.•••..••.••.•.••• 182 
7.5 741 Data Points: Population ••.•.•.•••••• 182 
7.6 Population Density Zones •.•••.•.•••..••. 183 
7. 7 The Ochian Region .•.•••••••.•••••••••••• 183 
7. 8 197 4: Carpet Weaving In The 
l?sfahan Region . ......................... 187 
7. 9 The Area Eetween Ziarkupan And Esfahan •• 190 
7. 1 0 Esfahan And The Areas To The East 
And South-East •••••••.••••••••••••••••.• 1 94 
7. 11 The Naj afa bad Plain •••.••.••.••••..••..• 1 99 
8.1 Water Treatment At The Proposed 
Steel Plant ............ o •••••••••••••••• 220 
8.2 Water Cooling At The Proposed 
steel Plant ...... o •••••••••••••••••••••• 221 
xix 
XX 
PREFACE 
1 . Finance for the research was provided by a three-year Social 
Science Research Council quota award (S76/20438G/G) and two bursaries 
awarded by the British Institute of Persian Studies. The first was 
awarded in July, 1977 for research lasting three months and the 
second was awarded in October, 1979 for a six month period. 
2. Translations of Iranian settlement names to English were 
undertaken with reference to volume 7 of the 1966 Village Gazetteer 
series published by the statistical Centre of Iran, Tehran. 
Distance 
mm:millimetre 
cm:centimetre 
m:metre 
km:kilometre 
Temperature 
deg. C.:degree Centigrade 
Volume 
l:litre 
cu.m:cubic metre 
mcu.m:million cubic metre 
Weight 
mg:milligram 
g:gram 
kg:kilogram 
Conductivity 
me:milliequivalent 
mmho :millimho 
Concentration 
ppm:parts per million 
Electrical Energy 
kw:kilowatt 
MW:megawatt 
Time 
s:second 
yr:year 
Area 
ha:hectare 
ABBREVIATIONS 
SAR: Sodium Adsorption Ratio 
xxi 
1cu.m/s=3.1536mcu.m/yr 
1 cu.m/s=1 CXX) 1/s 
CONVERSIONS 
xxii 
The rates of exchange of Iranian rials with sterling and dollars for 
1973-1977 are given below: 
Date Sterling Dollars 
Sep.1973 165.3 67.3 
Sep.1974 155.5 67.1 
Sep.1975 143.0 67.85 
Sep.1976 124.5 71 .05 
Sep.1977 122.0 70.71 
xxiii 
GLOSSARY 
The following definitions are of those Persian terms and expressions 
referred to in the text. other less commonly used Persian terms are 
defined when they first occur. 
Kavir: Desert 
Kuh: Mountain 
Lat: Sluice employed for irrigation water division 
Madi: Traditional primary irrigation canal in the Esfahan region 
Qanat: Man-made horizontal or nearly horizontal tunnel for the 
transport of qround water from highland to lowland areas. 
Rud: River 
Tomar: Scheme of water rights in the Fsfahan region. 
The definitions below are of technical terms. 
Inflow excess probability:Temporal probability (normally expressed in 
percentage terms) of particular inflow volumes being exceeded. 
Aquifer storage coefficient: Ratio of the volume of water, derived 
from storage in a vertical column extending through the full 
thickness of the aquifer, to the corresponding volume of the aquifer, 
expressed as a decimal. 
CHAPrER ONE 
INTRODUCTION 
This thesis presents research on the use of the land and water 
resources of the Esfahan region. In this chapter the context of the 
research, the reasons for the selection of the Isfahan region as a 
study area and the main themes of the thesis are discussed. 
1 .1 LAND AND WATER RESOURCES OF IRAN 
Iran has an extensive land area of approximately 165 million hectares 
between the borders of Iraq and Turkey to the west, Afghanistan and 
Pakistan to the east, the Soviet Union and the Caspian Sea to the 
north and the Persian Gulf to the south (1 ). Figure 2.1 shows that 
the Dasht-e-Lut and Dasht-e-Kavir plateau areas form the central p1rt 
of the country; the p:trallel ranges of the Zagros mountains dominate 
the western :r:art of the country; and the Elburz mountains se:r:arate 
the central plateau areas from the Caspian Sea. 
Water is a less plentiful resource than land. Approximately 
80,000mcu.m/yr (million cubic metres per year) [*] of usable surface 
water are available and ground water recharge is in excess of 
~,OOOmcu.m/yr (2). The location and availablity of Iran's water 
resources are strongly influenced by climate, topography and geology. 
The Dasht-e-Lut and Dasht-e-Kavir areas are mainly desert and they 
receive, on average, less than 200rrm of precipitation ~r year and 
exrerience extremely high summer temreratures and high rates of 
evaporation and evapotranspiration. These deserts occupy the rain 
shadow areas of the Zagros and Elburz mountain ranges and oo are 
deprived of rainfall from the west. Precipitation in these highland 
areas provides most of Iran's water resources. The precipitation, 
which occurs mainly in winter, is generally caused by the passage of 
westerly depressions from the Mediterranean. Deep limestone aquifers 
in the Zagros and Elburz ranges provide the base flow of most of the 
rivers but the main volume of runoff is derived from the snow melt 
which usually commences towards the end of March and continues into 
June (3). Endogenic streams flowing from the Zagros and :Elburz (see 
Figure 2. 1) terminate in the saline lakes in the central desert 
areas. Ex:ogenic streams flow northwards from the Elburz to the 
Caspian Sea and from the western slores of the Zagros towards the 
Persian Gulf (see Figure 2.1 ) . Groundmter occurs extensively but 
_its quality and quantity vary widely. Alluvial aquifers are most 
[*] A l~st of all the abbreviatio~. . in the thesis is given on 
page xx1. ~
2 
extensive and occur either as intermontane plains or alluvial fans 
adjacent to mountain fronts or coastal plains. Limestone aquifers 
' 
are extensive in mountain ranges where Tertiary limestones (see Table 
2.1) are frequently fractured or karstic. Aquifer recharges take 
place mainly by seerage of snow melt or by the infiltration of rivers 
and streams discharging across broad alluvial fan deposits (4). 
Until the growth of oil revenues and industrialisation in the 
1950s and 1 %0s, agriculture provided most of Iran' s national income 
(5). Although there are many urban and industrial centres, such as 
Tehran, Tabriz, Esfahan and :&mdar Abbas (see Figure 2.1), the land 
use for urban and industrial purposes is extremely small comrared 
with that for irrigated agriculture. 
In the 1 g?Os urban water demands were still relatively low, both 
as regards per capita consumption and :r:iped water for the popliation. 
The water supplied for urban and industrial uses during the mid-1 g?Os 
amounted to approximately 770mcu.m/yr. By contrast, estimates of the 
total supplies withdrawn from the country' s water resources for 
hydro-agricultural rurposes were approximately 58,000mcu.m/yr: 
41 ,OOOmcu.m/yr by surface water diversions and 17,000mcu.m/yr by 
groundmter abstraction. The actual consumption of water YJaS 
estimated to be 17,000mcu.m/yr, 41 ,OOOmcu.m/yr being lost by seepage, 
evaporation and surface runoff losses ( 6). Agricultural develo:r:ment 
depends upon the location and availability of the country's water 
resources. Of the soils covering Iran, 75% have some cropping 
potential but only approximately 12% of its soils, comprising 20 
million hectares of the country's 165 million hectares, are 
cultivated and of these, approximately half are left fallow each year 
(7). The Elburz and Zagros mountains are generally unsuitable for 
cultivation because of shallow soils, steep slores and restricted 
growing seasons (8). With the exception of the Caspian lowlands, 
where agricultural land is spatially almost continuous, agriculture 
and poftilation are concentrated in enclaves around the arid desert 
areas. These irrigated oases generally depend on the endogenic 
streams transporting water from the Zagros and Elburz highland areas. 
These rivers also replenish the reserves of ground mter at many of 
these oases. The temrerate climates, long growing seasons and 
fertile soils of these areas encourage productive irrigation (9). 
The ownership of the agricultural land resources of Iran was 
transformed during the 1%0s and 1g-{Os. The Pahlavi regime 
implemented national reforms of land tenure and land ownership. The 
effects of these reforms on the Esfahan region are considered in 
detail in Chapter 6. The reforms affecting the whole of Iran are 
3 
summarised below: 
The first phase was implemented after January, 1962. This specified 
that individuals could own only one village and that the State would 
compensate landlords over a 10 year period in proportion to the taxes 
they had been raying. The peasants who received land were required 
to reimburse the State for the value of the land and to pay a 10% 
P'emium over a period of 15 years. The land was to be distributed to 
those already farming, top priority being given to those, for examrJ-e 
oxen owners, who had provided more than labour, and lowest priority 
to labourers ( 10). 
The second fhase was introduced in 1964. According to Eeaumont, it 
was intended to affect "the 100, (J:JJ or snaller landowners who held 63 
per cent of the farmlands of Iran. These were peorJ-e who possessed 
one village or less. landlords were allowed to retain a maximum of 
;JJ to 150 hectares of non-mechanised land, depending on the region" 
(11 ). If the landlords retained their land they were obliged: 
(a)to rent the land to the peasants, or 
(b) to sell the land to the peasants at a mutually agreed price, or 
(c) to divide the land in proportion to the prevailing crop-sharing 
distribution of the harvest, or 
(d)to b~ out the peasants' interest in their land, or 
(e) to establish joint stock com:ranies within which peasants and the 
landlords were to be shareholders (12). 
By the third fhase, im rJ-emented in 1968, land covered by tenancy 
agreements was to become the property of the former tenant farmer 
( 13). 
Prior to the Iranian Revolution of 1 g-(8, the water resources of 
the oases and the other agricultural areas of Iran were being 
transformed on the strength of vast government investment so that the 
resulting agricultural produce was sufficient for the rising 
popllation and could provide an alternative source of revenue to that 
of oil ( 14). legislative and bureaucratic changes (considered in 
Chapter 5 in relation to the water resources of the study area) 
facilitated the investment of oil revenues in numerous dam and 
reservoir construction schemes. The dams and reservoirs were 
intended primarily to regulate water resources to meet irrigation 
demands; to provide additional water for more intensive cropping; to 
expand areas of total irrigation; 
quality in selected areas. In 1 CJ15, 
and 
the 
to imrrove water or land 
total regulated annual 
capacity of Iran's reservoirs was estimated to be approximately 
13, :D()mcu.m, approximately Z3% of agricultural water use at that 
time ( 15). Many reservoirs were also utilised for hydro-electric 
4 
power generation, urban water supply and flood control. 
1 • 2 LAND AND WATER RESOURCES OF THE ESFAHAN REGION 
Reasons for choosing the Esfahan region for study were that: the area 
was a case examrle of an oasis on the periphery of the central desert 
area of Iran; water resource develo:rment and land reform had occurred 
there during the Pahlavi regime; the relevant data on the water use 
and land use :ratterns were available; and a convienent base for 
investigation was to be provided by the University of ESfahan. The 
water resource develo:rment and land reform aspects are discussed in 
Chapters 5 and 6, respectively. 
The land and water resources of the ESfahan region are assessed 
in Chapter 2. The Esfahan oasis is located between the Zagros range 
and the Dasht-e-Kavir (see Figure 2. 1) and so is confined by rugged 
highland and arid wasteland. The region comrrises flat or gently 
undulating river plains joined by mcderately sloping alluvial fans to 
the west and south-west. The total extent of such areas is difficult 
to determine precisely but the area of cultivable soils is 
approximately 100, CXX)ha. The mainly Alluvial soils are generally 
thicker, better drained and more fertile than the Sierozem, 
Saline-Alluvial and Soloncbak soils of the Zagros and the 
Dasht-e-Kavir. Infertile saline soils do occur in the region, 
however, in the areas of contact between the river plains and the 
steep alluvial fans stretching down from the mountains. These saline 
soils and the mountain borders limit the extent of agriculture. 
The endogenic Zayandeh Rud, a river flowing from the Zagros 
mountains to a saline depression in the Dasht-e-Kavir to the east, 
provides virtually all the region's surface water and replenishes its 
ground water reserves. The western plains are environmentally more 
amenable than the eastern plains because, from west to east, the 
quantity and quality of the river water diminish, precipitation 
decreases, temperatures and rates of evaporation and 
evapotranspiration increase, and soil fertility generally decreases. 
These environmental disparities produce a division of the ESfahan 
oasis into an agriculturally more productive western zone and a less 
productive eastern zone, which is shown in the analysis in later 
chapters. 
1 • 3 THE IM:EDRTANCE OF WATER IN THE ECONOMY OF THE ESFAHAN REGION 
The economy of the Esfahan region is dependent, as it always has 
been, on its water resources. 
Agriculture is the most imJDrtant form of land use and water use 
5 
in the :ESfahan region (Chapter 6). The rural rop.llation density 
patterns (discussed in Chapter 7) are closely associated with 
variations of agricultural rroductivity and, hence, water 
availablity. Although rainfed cultivation occurs in small areas on 
the wetter, western periphery of the region and rastoral agriculture 
is widespread on the fallow areas and in the mountains, in terms of 
economic value and emrloyment, irrigated cultivation is of paramount 
imrortance. The present comrlexity of the hydraulic infrastructure 
has arisen from the need to reduce the constraints imrosed by the 
quantity and quality of surface and ground water (discussed in 
Chapter 3). At first new technology led to imrroved irrigation 
efficiency but with further advances in technology, the extent of 
agricultural developnent became increasingly subject to the water 
available. Recent plans to boost hydro-agricultural productivity 
required the creation of a new, expensive hydraulic infrastructure 
incorrorating Western technology, comPLetely alien to the area. Any 
further increases in hydro-agricultural output will require 
expensive, major alterations to the irrigation network. 
During the 1 %Os and 1 g?Os, as the Pahlavi regime attempted to 
reduce the growing dependence of Iran on oil revenues, the :ESfahan 
region became one of the most imrortant industrial centres of Iran. 
The access to some good quality surface water, the long industrial 
traditions of Fsfahan and the availability of skilled labour 
influenced the siting of an iron and steel rlant in the western part 
of the area. This and later industrial developnents encouraged 
considerable immigration into the area and the ropllation of Esfahan 
and its urban satellites increased rapidly. The increasing demand 
for water by the agricultural and industrial sectors and the urban 
popilation of the region would have led eventually to a situation of 
acute water shortage. In 1977, no section of the local or central 
government had either the responsibility or power to resolve such a 
crisis or prevent it by directing integrated regional developnent. 
1. 4 WATER AS A CONSTRAINT 
The most serious environmental constraint in the Esfahan region 
continues to be the one imrosed by water resources. In the past, the 
economy was based almost entirely on irrigation. Agricultural 
productivity, sufficient to support the rural and urban rorulations, 
depended rrimarily on the water resources available and to a lesser 
extent, on precipitation, temperature and soil fertility. The extent 
and intensity of irrigation were controlled by the efficiency of 
water supply and distribution rather than by land resources. 
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Historically, the water resource problem was either aggr.avated 
by the growing needs of irrigation or alleviated by the introduction 
of technological improvements of water supply and distribution. In 
the 1970s, the constraint was intensified by the ever-increasing 
dEmand for water as industry and agriculture expmded and immigr.ation 
into urban areas continued. Since the Iranian Revolution of 1978/79, 
however, the situation has become much less critical. As urban 
ropliations continue to grow, even if agricultural and industrial 
development does not resume, the supply of water to the region will 
almost certainly become inadequate eventually. 
1.5 SUMMARY 
The Esfahan region was selected as a study area because it 
represented an oasis where, under the Pahlavi regime, land and water 
resources were being developed. The historical development of the 
region has not been previously discussed from a hydro-agricultural 
viewpoint. In the research, techniques of comp.1ter-assisted 
. cartogr.aphy and statistical analysis utilising comprehensive data 
sets have been emJ]_oyed to analyse the area's rural ratterns of water 
supply, agricultural water use and :ropllation density. Water use by 
the urban rorulation and the new industries has been studied with 
particular reference to impending shortages. These aspects of the 
land and water use patterns of the Esfahan oasis are discussed in 
detail in Chapters 4 to 8. The following chapter sets the scene for 
this analysis by discussing the environmental constraints of the 
. region. 
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CRAFTER TWO 
ENVIRONMENTAL CONSTRAINTS 
2.1 INTRODUCTION 
Despite restrictions on sources of information and the inadequacies 
of existing monitoring, the imrortant environmental constraints on 
Man are defined. From the data set comriled, relationships between 
the main comronents of the environmental ~stem could be studied and 
ramifications of Man's impact ascertained. 
The following discussion is divided, for the sake of clarity, 
into sections dealing in turn with one of the main environmental 
comronents of the region. The initial sections deal with the 
geology, geomorphology, aquifers and soils of the region whereas the 
;ater sections consider the climate and surface and ground water 
characteristics. The data used in the analysis are regularly 
mentioned and appraised. 
2.2 LOCATION AND TOPOGRAPHY 
Figure 2.1 [*] shows the location of the Esfahan region in Iran. 
Figure 2.2 indicates that the region, a heterogeneous exranse of 
plains and highland masses, drains into the Gavkhuneh depression. 
The torography of the F.sfahan region reflects the comrlexi ty of the 
processes that formed it. Figure 2.2 shows that the region is 
.oituated between the north-west/oouth-east trending Zagros ranges to 
the south-west and the Kohrud range which forms an eastern boundary 
o.qross the Central Desert. There are a number of high peaks around 
the region including Kuh-e-Narshan (3, 300 m) to the north-east in the 
Kohrud range and Kuh-e-Arjaneh in the Zagros ranges to the 
south-west. The Osin range rarallel to the Zagros has its highest 
point in Kuh-e-Osin (2,910m), and several peaks reach 2,500-2,900m. 
The Shah Kuh range extends diagonally in a north-west/south-east 
.airection across the area and is divided into two parts. It has two 
high peaks: Kuh-e-Boland (2,755m) in the north-west and Kolah-e-Qazi 
(2,534m) in the south-east. The high plain to the south-west of the 
range has an altitude of approximately 1 ,EDOm, whereas the area to 
the north-east is generally lower, with an altitude of some 1 ,500m. 
The lower plain, about 50km wide and several hundred kilometres long, 
is a north-west trending depression, the lowest part of which is the 
[*] Appendix I contains the map and diagram information sources. 
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Gavkhuneh depression, located about 100km south-east of Esfahan. 
There are several less imrortant, intermontane plains. The Zayandeh 
Rud flows west to east across the northern rert of the higher plain. 
It cuts the Shah Kuh range, then meanders eastwards, to the south of 
Esfahan, and south-eastwards to the Gavkhuneh depression. 
2.3 GIDLOGY 
2.3.1 Introduction And Data Sources 
--- ----
Both the character of the rocks and the geological rrocesses involved 
in their creation have influenced the topography, climate, soil-types 
and water yield characteristics of the region. 
In 1977, documentary and cartographic information on the geology 
of the Esfahan region was obtained from the Iranian Geological Survey 
and the Sogreah Consulting Engineers emrloyed by the Esfahan Regional 
Water Authority. In 1977, the Iranian Geological Survey was 
preparing a map to a scale of 1:250,000 of the geology of the entire 
Esfahan region. Although a provisional version of this map was 
unavailable, a booklet containing an exrlanation of the geology 
illustrated by the map (1) and three detailed (1 :100,000) maps 
(including accompanying notes) (2) of the central and western areas 
were obtained. From a perfUnctory survey by the Sogreah Consulting 
:Engineers, less detailed information was acquired (3). 
2.3.2 Tectonics 
---
Most of the deposits of the Esfahan region can be seen in a context 
of sedimentation typical of shallow~ater Tethyian environments. 
Figure 2.3 summarises the tectonic history of Iran and demonstrates 
the various plate movements which have produced its mountain ranges. 
The third frame of Figure 2.3 is particularly relevant because it 
depicts the formation of the Zagros range which today constitutes the 
western topographical unit of the Esfahan region. Beyond such active 
tectonic zones, relatively undisturbed sediments occur. The first 
frame of Figure 2. 3 shows the splitting of Proto-Iran from 
Proto-Arabia along an oceanic spreading zone. This separation 
resulted in the formation of the Neo-Tethys sea over the spreading 
oceanic crust. The second frame of Figure 2.3 illustrates the 
cloeing of the Palaeo-Tethys and the break-up of Proto-Iran into 
three micro-continents along additional spreading zones. The third 
frame of Figure 2.3 demonstrates the collision of Iran with Eurasia 
that formed the :E1burz mountain range. The closure of the 
Neo-Tethys, and the collision of Arabia and Iran and the consequent 
2 
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formation of the Zagros mountain belt can also be seen. The fourth 
frame of Figure 2.3 depicts the present tectonic situation and the 
first of the cross sections beneath shows the processes responsible 
for the formation of the Zagros range (4). 
~:l·l Stratigraphy 
The following investigation of the geological structure of the 
Esfahan basin shows not only the geological development of the 
Esfahan region but also some of its hydrcrgeological characteristics. 
(The divisions of geological time are displayed by Table 2. 1). 
~.l_.l!_ Pre-Cambrian And Palaeozoic eras 
In general, Pre-Cambrian and Palaeozoic rocks have a limited outcror 
in the Esfahan region. A large exranse of Pre-Cambrian rocks, now 
evident 60km west of Esfahan in the foothills of the Zagros range, 
was consolidated during a late Pre-Cambrian orogeny by metamorrhism 
(5). The resulting basement then emerged as a horst (6). Figure 2.4 
shows that those Pre-Cambrian rocks comrose part of the highland 
areas of Kuh-e-Barzeh Qal' eh, Kuh-e-Bism and Kuh-e-Lambolagh to the 
west of Najafabad. Although these formations are imrortant from a 
develorment viewpoint, they have little hydrcrgeological significance 
(7). 
Ordovician and Silurian rocks are not found in the Esfahan 
region; however, the Devonian reriod is represented. Lower Devonian 
sediments are exrosed in the Kohrud range to the north-east of the 
city of Esfahan. These sediments are red eandstones interbedded with 
sandy, silicious dolomites and thin red shale. The Middle and Upper 
Devonian rocks are sandstones, dolomites and limestones (8). These 
iocks were typical of the environment that persisted into the lower 
Carboniferous period. Throughout these three reriods, a sea covered 
the entire area. This sea was connected to a transgressive sea to 
the north of the region. The fossils and rocks indicate 
environmental conditions of deposition comparable with those of the 
sea which covered the present-day areas of Eurore and the U.S.S.R. 
( 9). 
There is no evidence of middle and late Carboniferous or early 
Permian rocks in the Esfahan region but Middle and Upper Permian 
rocks are found resting on Lower Carboniferous rocks, for examrle, 
50km north-east of Esfahan in the Kohrud range. These overlying 
rocks commence with a basal sandstone. This time gap between the 
Lower Carboniferous and Middle Permian represents an unconformity 
~robably due to a combination of erosion and a lack of sedimentation. 
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The former process is more likely to have been important because a 
_regional emergence, embracing Iran as well as Fsfahan, probably 
occurred towards the end of the lower Carboniferous (10). Figure 2.4 
shows that 60km west of Esfahan, Permian limestone rests 
unconformably on Pre-Cambrian rocks. In Middle Permian times, the 
area was inundated by a vast marine transgression. This Permian 
epi-continental sea, although vast, was shallow and oren. From the 
fauna and sediments, it was evident that the sea was of normal 
salinity ( 11 ) . 
~-1-32 Mesozoic Era 
Marine conditions continued into the Lower Triassic reriod, at least 
in the south-east of the area (12) where reddish, marly limestones 
were formed. The main area, however, was affected by the rrecursory 
movanent of the Kimmeridigian orogeny ( 13) and the sea regressed 
before the derosition of Mid-Triassic sediments (14). Such 
sediments, shales and massive yellow dolomites (with locally volcanic 
rock), can be observed to the north-east of Esfahan. In the west, 
however, Middle Triassic rocks are not exrosed (15). 
During the Middle Triassic, the whole area·was transgressed from 
the south-east by a warm, shallow sea and the Zayandeh Rud river 
horst was the only emergent area. The sediments derosited at this 
time are now represented by dolomite, which is remarkably uniform 
over most of Iran. In the north, particularly the north-east, the 
marine conditions persisted into the Upper Triassic and lower 
Jurassic ( 1 6) . 
The very rapid lithological change, from the Mid-Triassic 
dolomites and limestones to the thick, sandy clay derosits of the 
Upper Triassic (Nayband) and the lower Jurassic (Shemshak) 
formations, can be attributed to a change in the Palaeogeographical 
conditions produced by the early Kimmeridigian orogeny. The Upper 
Triassic Nayband formation is succeeded conformably by a shale and 
sandstone sequence on the northern flank of the mountain of 
Kub-e-Zard in the Kohrud range ( 17). Shemshak sandstone and shale 
crop out to the south-east of Esfahan on both sides of the Zayandeh 
Rud. In fact, the Shemshak formation constitutes the substratum of 
most of the Esfahan region. Its total thickness is difficult to 
assess but it is probably greater than 2,000m (18). 
During the Lower Jurassic, the south-western part of the region 
was gradually invaded by the sea. The Permian carbonates and 
Pre-Cambrian metamorphics were overlain by black lower Jurassic 
shales with a basal conglomerate (19). In the upper rarts of this 
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black shale, andesitic volcanics occur; these can be seen near the 
Pol-~Zamankhan bridge crossing the Zayandeh Rud west of Esfahan 
\20). 
The comrlete change in lithology and the unconformable base of 
the lower Jurassic sediments indicate the creation of new relief and 
a phase of erosion, and the occurrence of orogenic (early 
Kimmeridigian) activity, before the Lower Jurassic sediments were 
derosited. 
No traces of the Neoconian stage[*] are found in the area, and 
the Upper Jurassic and early Cretaceous rocks correspond to the late 
Kimmeridigian orogeny when the area was subjected to folding and 
associated emergence and erosion (21 ). 
In the late Jurassic, before the onset of lower Cretaceous 
sedimentation, late Kimmeridigian movEment caused gradual emergence 
,in the north and south-east areas (22). The south-western :r:art of 
the region, however, was submerged at this time and Emerged later at 
the end of the Jurassic. Products of this submergence can be 
.ubserved, in the Zagros foothills, on the northern slores of 
Kuh- ER3hahlora near Kelishad-ye-Rokh (see Figure 2.4) where 
.... imestone is exrosed in the upper rart of the shal~volcanic sequence 
(23). 
Figure 2.4 shows that Cretaceous rocks form many of the relief 
areas of the ESfahan region, for examrle, the Osin and Shah Kuh 
ranges (24). :Early Cretaceous limestones, calcareous shales and 
_arls, are situated unconformably on different folded beds of 
Jurassic, Upper and Middle Triassic age. This Lower Cretaceous sea, 
although very extensive, regressed from the area before the Upper 
Cretaceous. Its regression in an easterly direction and final 
disappearance at the close of the Cretaceous period resulted in the 
submergence of the eastern :r:art of the area and Emergence of the 
remaining rart during the Upper Cretaceous period (25). 
One of the most comrlete sections of the Cretaceous succession 
can be seen on the northern flank of the Shah Kuh range to the south 
of Esfahan. This consists of over 1 ,CXX)m of limestones, marls and 
shales (26). From the end of the Cretaceous period to the beginning 
of the Eocene period, the area underwent a moderate orogenic rhase 
(attenuated Laramian) with folding, emergence and erosion. 
The sandstone units of the Lower Jurassic (Shemshak formation) 
constitute some of the most imrortant aquifers of the Esfahan region. 
The Cretaceous calcareous rocks are often fractured, karstified and 
hence rendered permeable. The only imrortant source of water from 
[*] The Neoconian stage occurred during the early Cretaceous. 
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these Cretaceous rocks is in the valley of Morghab to the north-west 
of Najafabad [*] (27). 
~·}·33 Tertiary Era 
In contrast to the Mesozoic series, rocks of the Tertiary era are 
.extremely rare in the Esfahan region. Small outcrors occur on the 
borders of the plain and in several high valleys. Tertiary rocks 
, generally have limited hydro-geological importance (28). Figure 2.4 
sho-ws that early Tertiary (Palaeocene and Eocene) rocks are 
unimportant in the Esfahan region. 
The Iaramian orogenic movanent in this region w.as followed by a 
shallow marine transgression. The resulting sediments lie 
unconformably on beds of Cretaceous age and in some rlaces, even on 
Jurassic and Mid-Triassic rocks. In the south-eastern part of the 
,area, conglomerate and limestone were deposited (29). In the 
south-west, on the southern flanks of Kuh-e-Panj eh and Kuh-e-Shahlora 
(near Kelishad-ye-Rokh), the unconformity between the lower 
Cretaceous and Eocene conglomerate is visible (30). 
About 70km north-east of Esfahan, lava and p,yroclastic rocks 
provide evidence of past, localised vulcanicity (31 ). 
The sea regressed in the Upper Eocene. The area w.as again 
subjected to folding, uplift and erosion by the Alrine orogenic 
movanents of the Early Oligocene. 
The eastern areas of the Esfahan region were then invaded by an 
Oligocene-Miocene sea. Two kilometres south-east of Zefreh village 
to the north-east of Esfahan, evidence of this transgression is in 
the form of a thin white fossiliferous limestone resting on a basal 
, conglomerate. 
In Miocene-Pliocene times, the sea regressed eastwards and the 
region was partially covered by residual intermontane lakes. Sandy 
' 
limestone was deposited in the western parts of the region (32). 
Figure 2. 4 shows that sandy limestone can be seen about 5km west of 
Varrosht village, about 60km west of Esfahan. It overlies a basal 
conglomerate, which rests unconformably on the lo-wer Cretaceous beds. 
In the south-western intermontane depressions, thick deposits of 
coarse conglomerate accumulated. Figure 2.4 indicates that 
north-east of Sefid Dasht in the Osin range, there are extensive 
outcrors of this conglomerate resting unconformably on Cretaceous and 
Eocene beds. In the north-eastern part of the region, gypsiferous 
marls were deposited in lagoonal conditions. These marls could 
~*] In 1977, the tQtal discharge from this aguifer was 172 1/s l1tres per second) but this water was fully utilised before reaching he Esfahan region. 
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represent remnants of Miocene beds. Forty-five miles north-east of 
Esfahan, marls with sandy beds and gypsum layers are visible (33). 
The Quarternary period will be dealt with in Sections 2.4 and 2.5. 
2.3.4 Structure 
Figure 2. 1 shows that the :Esfahan region is part of a wide basin 
extending in a north-west/south-east direction parallel to the Zagros 
range, from Esfahan to Sirjan. During the Miocene, after the great 
Tertiary tectonic movements, the Zagros and the Kohrud ranges to the 
north-east were uplifted relative to this basin which remained 
comparatively stable (34). Subsequently, the character of the 
Esfahan region was determined by the collection of new sediments upon 
it. 
Figure 2. 5 shows that, com pared with the rest of Iran, the 
Fsfahan region is comparatively devoid of faults. However, the 
region is bordered by a number of large faults, the most imrortant 
being the main Zagros Reverse Fault which trends in a 
north-west/south-east direction to the south-west of the area. 
Figure 2.5 indicates that to the north-east, there is a system of 
normal and reverse faults with a general trend parallel to that of 
the Zagros. These are associated with the Kohrud mountains. 
The folding and minor faulting within the region was associated 
with and ran parallel to the Zagros Thrust fault. In the west, the 
course of the Zayandeh Rud was determined by the consequent zone of 
weakness. 
2.4 GEOMORPHOLOGY 
2.4.1 Introduction And Data Sources 
The following geomoq::hological analysis of the Esfahan region 
concerns its physical developnent after the Pliocene reriod. The 
geomorphological processes of the Esfahan region are determined by 
geology and climate and are ultimately related to the soil-formation, 
surface and ground water characteristics and vegetation patterns of 
the area. 
In 1 CJ/7, little information was directly available, but 
fieldwork, the three Geological Survey ( 1: 100,COO) maps of Riz, 
Najafabad and Shahreza, the information provided by the Sogreah 
Consulting Engineers and the 1 CJ/3 Landsat satellite imagery [ *] for 
the area facilitated an investigation of the geomorfhology. 
[ *] The landsat imagery (band 5) of the Esfahan region was recorded 
on 14th. May, 1973. 
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.=.·4·1. Source Of The Zayandeh Rud 
Figure 2.2 shows that the source of the Zayandeh Rud is in the 
,eastern foothills of the Eakhtian Zard Kuh range which forms part of 
the Zagros range. Springs and extensive snow-melt are the primary 
sources of runoff in this predominantly limestone area (35) and it is 
probable that during the Quaternary period, the inflow of runoff into 
the Zayandeh Rud was much greater. Several tributaries facilitated 
the transfer of runoff into the main river. Figure 2. 2 shows that 
although these minor streams were well adjusted to the 
north-west/south-east trending structure of the Zagros, the Zayandeh 
Rud broke discordantly across the pattern of folding. This 
superimposition is difficult to ex1lain satisfactorily but it could 
have been due to the uplift of the Zagros and the rapid downcutting 
of the river. 
Figure 2. 2 shows that further east, the Zayandeh Rud changed 
from a north-easterly flow direction, exploiting the 
,north-west/ south-east axes of weakness produced by faulting. The 
river now flows for 60km through a number of narrow gorges, joined by 
alluvial plains (36). 
~.4.l Ochian Region 
Flowing in an easterly direction from its gorge section, the Zayandeh 
Rud joins the wide lenjan plain west of Nekuabad. Figures 2.4 and 
2.6 show that the intervening area adjacent to the river, the Ochian 
Plain, is situated between the north-west/south-east trending Osin 
ranges to the south and the Kuh-e-Zard and Kuh-e-Panj i ranges in the 
~icinity of Nekuabad. Figure 2.6 illustrates the boundaries of the 
Ochian plain and the other plains of the Fsfahan region. 
The Ochian plain was the product of sedimentation by the 
Zayandeh Rud. This flood-Ilain which, because of its low 
reflectivity is clearly evident on the landsat imagery, does not 
e~ceed 2km in width west of Ri z but gradually widens and at Nekuabad, 
is almost 5km across. 
The areas adjacent to the Ochian plain were shaped mainly by 
Quaternary erosion and deposition. Figure 2.4 shows that there were 
Quaternary terrace deposits on the north-easterly flanks of the Osin 
range. These deposits were observed at an altitude of 2,CXX)m and 
were ca:nposed of 100m to 150m of large limestone blocks and Iebbles 
of other rocks. These materials underlay most of the younger, 
superficial deposits of the area (37). 
Figure 2.4 shows that on both the north and south sides of the 
Zayandeh Rud, there were large gravel fans which were produced by the 
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erosion of the bordering mountain masses. Because these highland 
areas were comrosed mainly of Cretaceous limestones, the gravels were 
generally pale and show high reflectivity on the landsat images. The 
northern gravel fans appeared slightly darker and probably resulted 
from the erosion of the dark shales and red sandstones in the 
Kuh-e-Panj i mountains. The fluvial segregation of fine-erained 
argillaceous material had rroduced accumulations on the lower and 
gentler slores of these gravel fans. A large, south-easterly 
extension of the Ochian Plain was produced by this process. Smaller, 
but morPhologically similar features were noted on both sides of the 
river (38). 
The extensiveness of the gravel fans suggested that the 
Quaternary era was wetter than at present (39). Additional 
supportive evidence for this theory were the terraces of recent age 
which were superimrosed on the gravels on both sides of the Ochian 
plain. These terraces were between BOrn and 100m thick and were 
formed from conglomerate and intercalated sandy marls (40). 
~. 4 . .1: Lenj an And Mahyar Plains 
Figures 2.4 and 2.6 show that downstream of Nekuabad, the Zayandeh 
Rud changes its orientation and flows in a north-westerly direction, 
around the isolated rocky bluffs of the lenjan plain. This plain is 
rectangular in shape, measuring 20km long and 10km wide. 
The lenj an plain was covered with sediments d epo sited by the 
Quaternary and recent meanderings of the Zayandeh Rud (41). Fluvial 
segregation processes contributed fine-grained materials to the plain 
from the gravel fans of the bordering Shah-Kuh and Kuh-e-Panj i 
mountains; but in this area of mainly riverine sediment, such 
deposits were relatively unimrortant. 
Observations suggested that the areas of contact between the 
mountain and river process systems were frequently marked by changes 
of torography, drainage, soil and vegetation. A saline depression, 
east of Deh Sorkh, in the south-eastern corner of the lenjan plain, 
was one such contact area. The depression had a narrow, 
south-eastern extension which connected the lenjan plain to the 
Mahyar plain (see Figures 2. 4 and 2. 6). Small quanti ties of surface 
water occasionally flowed across the thick alluvial deposits of the 
gap from the r.'hllyar plain into the lenjan plain. The depth of these 
alluvial deposits and the contradictory flow of ground water in a 
south-easterly direction (see Sections 2. 5. 31 and 2. 9. 142) 
suggested that the Zayandeh Rud once flowed through the gap and 
across the Mahyar plain towards the Gavkhuneh depression. 
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After the Zayandeh Rud changed its course from a south-easterly 
to north-westerly direction, the mountain rrocess systems became 
daninant. Pale gravels derived from the erosion of the predominantly 
Cretaceous limestone Kuh-e-Zard and Shah Kuh mountains covered most 
of the fl.ahyar rJ_ain. Limited fluvial segregation resulted in the 
concentration of fine-frained, fertile materials in the vicinity of 
Mahyar ( 42 ) . 
~.4.2 Najafabad Plain 
The Shahr Kord road forms an artificial boundary between the eastern 
area of the Najafabad rJ_ain and the adjacent Falvardjan rlain (43). 
Figure 2.6 shows that the plain resembles a large triangle with a 
b8$e of 20km to the south-east and extending to the north-west for 
40km. Figure 2.4 shows that the Najafabad flain is bordered to the 
north by the Kuh-e-Boland range and to the west by the Kuh-e-Panj i 
mountains. 
The Najafabad rlain is a nearly flat alluvial fan produced 
mainly by the Quaternary and recent erosion of the Cretaceous 
Kuh-e-Boland and Kuh-e-Panj i ranges. The Morghab river, an 
intermittent stream, probably provided the transport and sorting 
processes necessary for the extensive developnent of the fan. Figure 
2. 4 shows that near the villages of l'fJalekabad, Jalalabad and 
Varrosht, coarse fan gravels were visible. Coarser gravels were 
found higher in the fan and finer textured materials towards the 
north and east. North-west ofVarrosht, at an altitude of 2,C00m, 
were remnants of eroded Quaternary terraces which were between 100m 
and 120m thick, resting on a variety of older rocks (44). 
~·1·~ Falvardjan And Esfahan Plains 
The Falvardjan plain to the east of the Najafabad plain borders the 
Shah Kuh mountains. This plain develored from the derosi tion of 
se<J.iments by the Zayandeh Rud. Figure 2.6 shows that the Esfahan 
plain is bordered to the south-west by the Najafabad ptain, to the 
west and south by the northern and southern divisions of the Shah Kuh 
range and to the east by the city of Esfahan. The plain, of 
quadrilateral shape, is ;Dkm from west to east and 40km from north to 
south. 
The northern rart of the Esfahan plain consisted of a great dry 
valley which descended from the Murcheh Khort region. There were 
small areas of fine-grained derosits within this dry valley but the 
remaining areas consisted of gravels (of medium reflectivity on the 
Landsat imagery) derived from the Kohrud mountains to the east. The 
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gravel and fine-grained materials in the dry valley suggested that a 
stream flowed at some time during the Quaternary (45). The extensive 
sediments covering the south of the plain were deposited by the 
Zayandeh Rud. The contact area between the deJDSi ts of the two 
systems was marked by a large saline area which is clearly visible on 
the landsat satellite imagery. 
~·1·1 Kararedj Plain 
The Shah Kuh range forms the "Western and southern boundaries of the 
Kararedj rlain. The city of Esfahan is to the north-west and two 
rocky outliers of the Shah Kuh range cover a substantial area towards 
the eastern border. The course of the Zayandeh Rud changes abruptly 
from an eastern to a southern orientation as the river enters the 
Kararedj plain. In the :rast, the river rrobably flowed northwards 
through the Gavart gap and around the two rocky Shah Kuh outliers. 
The Kararedj rlain did not generally have the high salinity 
levels which characterised the Iaraan and Rudasht plains further 
downstream. However, the Margh saline depression forming the area's 
southern reriphery delimited a contact area between the gravel fans 
formed by the erosion of the Shah Kuh mountains and the deJ:Osi ts of 
the Zayandeh Rud. The northern boundary of the plain comrrised the 
saline contact area between the Murcheh Khort deJX)sits and the 
Zayandeh Rud sediments. 
2.4.8 Baraan And Rudasht Plains 
The furaan plain of roughly oval shape is LDkm long and 1 Okm wide. 
Figure 2.6 shows that the plain is bordered to the west by the 
larger of the two Shah Kuh outliers and the Kararedj rlain. Vast 
fans emanating from the Kohrud mountains border the plain to the 
north. 
A large saline depression occupied the contact area between 
these fans and the Quaternary deJ:Osits of the meandering Zayandeh 
Rud. To the south, another of these saline areas was situated 
between the plain and the gravel fans of the Shah Kuh range. The 
Baraan plain had a more mottled appearance than the plains upstream 
on the landsat satellite imagery. This was probably a result of 
several factors including the coarser surface materials and generally 
higher salinity of the area. Downstream of the faraan plain in the 
Rudasht plain (see Figure 2. 6), the Zayandeh Rud rejoined the great 
depression, orientated north-west/south-east, that extended from the 
~orthern area of the Esfahan plain to the Gavkhuneh depression to the 
east. This area had many saline depressions of varying size and 
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generally had a high level of salinity. 
2. 5 AQUIFERS 
2.5.1 Introduction And Data Sources 
The aquifers of the Esfahan region are now to be examined both as an 
introduction to the ensuing discussion on ground water and as a 
~ontinuation of the preceding geomorphological discussion. The water 
bearing gravels of the region originated from the erosion of the 
area's geological formations, and were der:osited rrincipally by the 
Zayandeh Rud on the plains formed by both geological and 
geomorfhological rrocesses. 
Detailed information on the aquifers of the Esfahan region was 
collated from several sources including field observations and 
interviews and the map and rer:ort (based on the stratigraphical 
sections revealed by the 31 boreholes) of the 1965-1975 Sogreah 
geophysical rurvey (46). The water bearing gravels of the :&lfahan 
region can be categorised into those der:osited by the Zayandeh Rud 
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during the Quaternary and recent periods and those der:osited by the 
river before the Quaternary period. These older gravels will be 
investigated later. 
Figure 2.7 illustrates the gravels deposited by the Zayandeh 
Rud in the Quaternary and recent periods and the location of the 
Sogreah boreholes. The boreholes depicted with numeric identifiers 
are those referred to in the text. 
~-2·~ Gravels Deposited During The Quaternary and Recent Periods 
~-2·~ Origin 
The Quaternary and recent gravels were der:osited by the Zayandeh Rud 
as it had frequently changed its course across the Plains of the 
region. These water bearing rocks, which constitute the best 
aquifers of the region, are mainly calcareous gravels derived from 
the mountains surrounding the region and the old terraces visible in 
the O:::hian plain. The gravels frequently showed clearly defined 
layers, coarse material alternating with finer der:osits. 
2.5.22 Ochian Region And Ienjan Plain 
The distribution of Quaternary and recent gravels in the O:::hian Plain 
indicated that the Zayandeh Rud had retained a constant course 
through this region. Gravels were only found under the present 
all uvial rlain. 
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The varying thickness and extent of the gravel accumulations of 
the Lenjan Plain, shown by Figure 2.7, indicated that the Zayandeh 
Rud h3.d frequently changed course. This instability was probably due 
to the rapid deposition of sediment on the plain and the positions of 
several obstructive rocky outliers. Evidence from borehole 7 
demonstrated that the present course of the river was relatively new. 
There was only a narrow and shallow band of gravels adjacent to the 
Zayandeh Rud. Thin gravel accumulations drilled near Oshtorj an were 
deposited When the Zayandeh Rud flowed in a more westerly direction 
nearer the Kuh-eh-Panj i mountains. Extensive gravels, in some places 
20m thick, were found to the east of the present river course. These 
were associated with another old course that cut through the Klissan 
gap and between the rocky bluffs and the Shah Kuh range ( 4 7 ) . 
~ • ..2.. 23 Naj afabad , Fal vard jan And Esfahan Plains 
The geomoq:hology of the Najafabad and Falvardjan plains precluded 
the :rossibility of extensive deposits of riverine gravels. Figure 
2. 7 shows that gravels were found east of a line drawn between 
Shirvedan and Valashan. The Zayandeh Rud had maintained a steady 
course through this area and had dep:Jsited gravels in a band 
measuring 4km to 5km in width. The great thickness of clay revealed 
by borehole 13 confirmed that the Zayandeh Rud had always flowed 
between Aleshgah and Kuh-e-Dombeh. 
Figure 2. 7 shows that in the Esfahan plain, downstream of 
Aleshgah, the gravels were dep:Jsited in a wide fan. The thickest 
accumulations were found in the area defined by Aleshgah-Zenabieh, 
Ghadjavalarestan-Gavart-Esfahan. Between Aleshgah and 
Ghadjavalarestan, the gravels were 25m thick. The distribution and 
thickness of these gravels suggested that once the Zayandeh Rud 
flowed in a north-easterly direction and around the two Shah Kuh 
outliers in the Kararedj plain. The Zayandeh Rud flowed along the 
southern limit of this "fan". The gravels were thick under Esfahan 
and at borehole 29, extended to a depth of 24m (48). 
2.5.24 Plains East Of Esfahan 
Flowing in an easterly direction from Esfahan, the Zayandeh Rud 
suddenly changed direction. Figure 2. 7 shows that it passed through 
a gap which had thin gravel dep:Jsi ts and flowed across the Kararedj 
and furaan plains. The thick gravel accumulations, revealed by 
borehole 4 (see Figure 2. 7), indicated that the river may have 
followed another course around the two rocky outliers of the Shah Kuh 
range. The modern course of the Zayandeh Rud through the Kararedj 
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plain probably commenced When the area east of Esfahan became filled 
with sed~ent and the river overflowed through the southern gap. 
Boreholes 11 and 12 revealed that the gravels of the Kararedj and 
Baraan Plains associated with the modern river course were relatively 
thin. 
The considerably reduced volume of water of the Zayandeh Rud in 
the Rudasht plain was mainly responsible for the scanty and thin 
deposits of the area. Sand and materials derived from igneous rocks 
from the Kohrud range were mixed with the calcareous Zayandeh Rud 
deposits over large areas of the Rudasht plain (49). 
~-2·2 Gravels Deposited Before the Quaternary Period 
Of all the 31 boreholes, only full details of the stratigraphies 
~evealed by boreholes 6, 9, 15, 18 and 22 were available in 1977. 
This lack of information, the distance between the boreholes and the 
known geological comrlexity of the area prohibited the drawing of a 
cross-section. 
~-..2.·1!.. Ochian Region And lenjan Plain 
The gravels deposited before the Quaternary period could be 
differentiated from the younger, superficial deposits because they 
were thicker, deeper and contained more clay and were thus generally 
less permeable. The narrow Nekuabad gap that connected the Ochian 
and lenj an pta ins had thick sed ~ents; borehole 1 revealed 163m of 
deposits. The sed~ents deposited over these plains were generally 
coarser than elsewhere in the region because of the prox~ity of the 
area to the upper valley of the Zayandeh Rud. The following 
stratigraphical succession [*] was identified from borehole 6 at 
Faraniesh in the south-eastern part of the lenjan rlain: 
0-6m: sandy clays and a few fine-grained gravels 
6-8m: large and s:nall gravels 
[A]8-57m: clays with sands and gravels 
[A]57-92rn: gravels with a little clay 
92-134m: brownish or yellow clays with gravels 
134-140m: gravels with clay 
140-143m: clays with much gravel 
143-152m: gravels with clay 
152-154m: clays with gravels 
Only the tor 2m of the succession consisted of the gravels deposited 
[*] Square brackets around an 'A' indicate water bearing materials. 
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by the Zayandeh Rud during Quaternary and recent times. Older clays 
and gravels dominated the rest of the succession. The gravels and 
clays found at depths between 8 and 92m constituted a particularly 
good aquifer (50). The Sogreah Consulting Engineers suggested that 
this extended into the Ienjan Plain to the north and through a narrow 
gap into the :r.'ahyar :rlain. The stratigraphy of borehole 22 showed 
that there had been a greater sorting of sediments to the north. The 
deposits there lacked the clay and gravel mixtures which 
characterised the stratigraphy uncovered by the borehole in the 
Ienjan plain: 
0-8m: clay with small quanti ties of sand 
8-15m: gravels 
[A ]15-30m: clay with very few gravels 
[A]30-70m: alternating layers of clean gravels and clays 
70-125m: greenish and yellowish marly clays with 
traces of gypsum and root remains 
125-130m: conglomerates and clays and gravels 
130-136m: bedrock. 
~·2·32 Najafabad And F.alvardjan Plains 
The alluvial fan beneath the Najafabad :rlain contained im:rortant 
water bearing sediments. Borehole 9, however, revealed that the 
sands, gravels and cobbles from the depths of 14m to 19m were dry. 
The full stratigraphy uncovered by this borehole was as follows: 
0-14m: sandy clay 
14-19m: sand, gravels and cobbles 
1 9-54m: clay and a few gravels 
[A]54-135m: gravels and clay down to 110m 
and then just gravels 
[A]135-189m: clay and gravels; fravels and clay 
at 170m 
189-252m: coarse clay mixture 
252-272m: com:ract black marl 
The aquifer between 54m and 135m had a low transmissivity because of 
its high clay content. It had been intensively pum:red and at Qal'eh 
Shah to the east of Naj afabad, there had been over-p.nn:ring and 
adequate supplies of water were not available. The investigation of 
a dee:r:er aquifer situated betweeen 135m and 189m beneath the surface 
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necessitated the drilling of two supplementary boreholes, numbers 13 
and 23 [*]. This aquifer proved unim:r:ortant, the rermeability of its 
materials being generally low (51 ) . 
2.5.33 Esfahan Plain 
---
The sediments of the Esfahan plain, with the exception of the younger 
and superficial gravels, were found to be mainly yellowish clays. 
Borehole 18 at Mahmudabad in the eastern central area of the plain 
revealed the two im:r:ortant aquifers of the area. The stratigraphy 
revealed by this borehole was as follo~: 
0-56m: yellowish clay with a few gravels 
56-70m: alternations of cobbles, clays and 
yellowish marls with root traces 
[A ]70-93m: yellowish clays with very few gravels 
[A]93-109m: clay and marly gravels 
109-160m: cobbles and gravels (occasionally lightly 
cemented) and clay 
160-165m: clay and gravels 
The aquifer at 70m was found in many of the other boreholes drilled 
in this plain. It was thin and had limited rermeability. The 
aquifer between 93m and 160m was more im:r:ortant because it yielded 
greater pumred discharges and was more extensive. other boreholes 
indicated that the gravels and clays that constituted the aquifer 
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spread south-eastwards from the Murcheh Khort valley north of the 
Esfahan plain. Boreholes 29 and 30 drilled near ISfahan demonstrated 
that these gravels did not underlie the city (52). 
In the north of the Esfahan plain, thick gravel layers were 
found Which increased in depth from Aminabad to borehole 5 north of 
Zeinabieh. These were probably de:r:osited by an old tributary which 
originated from the Shah Kuh range and flowed over the areas occupied 
by Homayounshahr and Aleshgah before joining the Zayandeh Rud. 
2.5.34 Plains East Of Esfahan --- _____ ..:...::......; __
Only limited areas of aquifer gravels were found beneath the Kararedj 
and :taraan plains. Borehole 21, drilled to a depth of 220m, near 
Aminabad to the east of the largest of the Gavart outliers, revealed 
only imrermeable yellow clays and snall quantities of gravel. 
However, there was a thin, deep aquifer situated on the northern and 
f*] The gravels contained Eocene nummulites Which indicated either 
that the surrounding materials were deposited duri:oo the Eocene 
period or had been eroded and transported from Eocene beds. 
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western boundary of the Kararedj Jlain. Borehole 15 revealed the 
following section: 
[AJo-5m: clay and gravels 
[A]5-24m: gravels and clay 
24-54m: reddish brown clay 
54-110m: interbedded gravel and clay 
110-129m: shales 
The shallow water bearing gravels were fairly imrermeable. The 
gravels extended from the borehole into the Margh depression where 
they contained saline water. Such deposits were not found in a 
,borehole to the east. Three boreholes in the Rudasht plain 
penetrated 200m of yellow clay without revealing any water bearing 
gravels (53). 
2. 6 SOilS AND VEGETATION 
2.6.1 Soils 
2.6.11 Introduction And Data Sources 
The soils of the Esfahan region are one of its key resources. These 
soils are not only a reflection and manifestation of the region's 
camJlex ~stem of physical interrelationships but are also sensitive 
indicators of Man's environmental imract. Apart from a 1:2,5(X),COO 
map prepared jointly by the Soil Institute section of the Iranian 
Ministry of Agriculture and the Food and Agriculture Organisation in 
1961 (54), cartographic information concerning the soils of the 
Esfahan region was unavailable in 1 g-{7. The following discussion is 
based on fieldwork undertaken at that time; interrretation of the 
1 g-{3 Landsat imagery; a:nd reference material. 
Figure 2.8 shows that the lowland areas were the only parts of 
the Esfahan region to have extensive areas of soil. These soils (55) 
were generally Alluvial soils which had either been deposited by the 
Zayandeh Rud or had accumulated as a result of sorting rrocesses on 
the fans bordering the region. 
~._§_._g Ochian Region And lenjan Plain 
The fertile Alluvial soils covering the Cchian river valley were 
representative of those found in the plains bordering the Zayandeh 
Rud. The soils tended to be deep ( 150an or more), medium to fine 
textured and calcareous. The moisture content of these soils was 
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normally high (approximately 1 fffo) and -wa.ter infiltrated at a slow to 
moderate rate. There was little prominent horizon differentiation 
other than the formation of a layer of organic matter at the surface. 
These Alluvial soils were brown, silty, clay loams with dark brown 
clayey subsoils (56). Salts collecting in these soils were quickly 
leached by the adequate amounts of surface water applied to the land 
for irrigation. 
The fans situated to the north and south of the Zayandeh Rud 
were generally covered by coarse rocky materials which were 
infertile. However, in certain localities, mainly on the lower 
peripheries of these fans, there were small areas of Sierozem soils. 
These humus-deficient soils were light grey-coloured and were 
generally :Dcm or more in depth. They contained less moisture than 
the Alluvial soils (approximately 11%) and the rate of infiltration 
was moderate. The Sierozem soils exhibited two major horizons: the 
top-roil layer was between 20an and 50cm thick and was normally 
com:rosed of light brown, gravelly, sandy loams; and the sub-soil 
layer was usually gravelly, sandy clay or clay loam of redder colour. 
Gypsum accunulations frequently occurred 1 m to 1 . 5m beneath the 
surface. The gravels were limestone debris and the soils therefore 
tended to be calcareous (57). 
The Ienjan plain had extensive areas of Alluvial soils similar 
to those of the Cbhian river valley. In the Nekuabad gap, joining 
the Cbhian and Ienjan plains, there were heavy reddish clay loams 
underlain by slightly gravelly material (58). Sierozem soils with 
less horizon differentiation and less lime subsoil accumulations than 
those in the Cbhian region were found bordering the rocky hills of 
the Ienjan plain (59). The infertile Saline-Alluvial and Solonchak 
soils of the Deh Sorkh depression, in the south-western part of the 
Lenjan plain, formed as a result of poor drainage, the utilisation of 
saline ground water for irrigation, the sporadic accumulations of 
r~off water and the presence of relict salinity. High temperatures 
and rates of evaporation also accentuated salinisation (60). The 
Saline-Alluvial roils were moderately affected by salinity. The salt 
concentrations in these particular soils were not high enough to 
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produce any changes in profile morphology but could impede water 
infiltration (61 ) . Such soils were usually dark grey to greyish 
brown clay with rusty and olive grey mottling (62). Solonchak soils 
have distinctive profile morphologies produced by salt crusts, 
crystals and "fluffy" rub-surface horizons (63). The Solonchak soils 
in the Deh Sorkh depression had only surface salt crusts and 
crystals. 
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Soil fertility was enhanced in the main agricultural areas of 
the Lenjan plain by the addition of manure and pigeon guano to the 
land. Pigeon towers were numerous throughout the Fsfahan region. 
These towers, which were often as high as 20m, were built to 
encourage the birds to congregate and provide a valuable fertiliser. 
Pigeon towers seemed particularly densely distributed in the more 
productive and prosperous agricultural areas of the region, perhaps 
because of the capital investment needed in the past for their 
construction. Throughout the region, many of the pigeon towers 
seemed to be deteriorating and several were mere ruins ( 64) . 
~-~·ll Falvardjan And Najafabad Plains 
The Najafabad plain, to the south and east of Najafabad, was covered 
with brown, gravelly loams over rounded gravels. Lime and gypsum was 
present in the underlying gravels ( 65). The productivity of the 
coarser Alluvial soils to the west of Najafabad was related to the 
upkeep of the qanat system in the Morghab valley [ *]. Small areas of 
Sierozem soils were found on the fans bordering this valley (66). 
The Alluvial soils of the Falvardjan plain were generally 
similar in composition and fertility to those of the main irrigated 
area of the Lenjan plain. The soils occupying the flood channel of 
the Zayandeh Rud in the Falvardjan plain (and the plains upstream and 
downstream) were light brown to greyish brown loamy sands and sandy 
loams interstratified with gravelly and cobbly layers. The 
Falvardjan plain was an important centre for livestock husbandry and 
the soils there were particularly heavily manured. 
2.6.14 Esfahan Plain 
---
Figure 2.8 shows that the soils of the Esfahan plain varied in 
,composition and fertility. In the riverine irrigated, south-western 
part of the plain, the Alluvial soils were similar to those upstream 
by being well-drained and productive. In common with their 
counter:rerts in the Falvardjan and Lenjan plains, the farmers of this 
area conditioned their soils for vegetable growing by adding sand 
from the bed of the Zayandeh Rud. The northern and central parts of 
the Esfahan region were within the contact area between the Zayandeh 
Rud deposits to the south and the Murcheh Khort and Kohrud deposits 
to the north and west. The very saline soils depicted by Figure 2.8 
were mainly Solonchak soils whereas the moderately saline soils in 
the isolated central areas of the plain were generally 
Saline-Alluvial soils. 
[*] The qanat systems of the Esfahan region are more fully discussed 
1n Chapter Five, pages 92-97. 
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~. ~. _12 Karared j Plain 
Figure 2.8 indicates that the riverine irrigated area of the 
Kararedj rlain was pedologically similar to the south-western rart of 
the Esfahan J:lain. The northern part of this plain, however, 
particularly the eastern area neighbouring the Gavart outliers, was 
affected by the salinity marking the contact area between the 
derosi ts of the Zayandeh Rud and the fans leading down from the 
Kohrud range. Over-rumring and the application of saline ground 
water intensified the salinisation in this area. 
,abandoned and their soils were cracked and barren. 
large areas were 
The Margh depression on the southern reriphery of the Kararedj 
Ilain was geomorphologically and redologically similar to the Deh 
Sorkh depression in the I.enjan plain. In 1g?7, the Saline-Alluvial 
soils of this area were being reclaimEd by means of a comJTehensive 
drainage network and additions of good quality water to accelerate 
leaching. Before reclamation, the soils of the Margh depression were 
.representative of the other saline contact areas of the Esfahan 
region. The fan border of the depression differed from the plain 
border because it had mEdium to fine textured soils and deerer ground 
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water (more than 3m) which was normally very salty. Salinity was due 
to the rereated spreading and evaporation of runoff water from the 
adjacent Shah Kuh mountains. Sulphate was more dominant than 
chloride in that area of the depression. The plain side of the 
depression generally had finer textured soil with a shallow 
fluctuating water table which was mcrlerately to markedly salty. In 
spring, this side also received the excess runoff from the adjacent 
irrigated rerimeter and from canals transporting water. Salinity 
there was due to both temrorary ground water evaporation and to 
ponding of surface water and was mainly caused by sodium chloride 
whereas the other side had a more mixEd comrosition. The centre of 
the depression was more comrlex because both ground water and surface 
water played a role in salt accumulation. The "slick spots" observed 
were formEd by the runoff washing away the surface layers of the 
Solonchaks, leaving barren rlaces of cracked massive clays (67). 
Calcareous Lithosols consisting of Erown and Chestnut soils had 
formEd on the large Gavart outlier forming the eastern boundary of 
the Kararedj rlain. Most of these soils had been removEd by natural 
erosion because of the steepness of the slores and excessive external 
drainage. Unweathered or only slightly weathered rarent material was 
exrosed over much of the area. The soils that remained were thin, 
nonnally less than 30an in depth, and had fairly high moisture 
contents (approximately 18%). The internal drainage of these soils 
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was moderate to good but, considering their extent and limited use, 
these Calcareous Lithorols were relativelyunimrortant (68). 
2.6.16 Baraan And Rudasht Plains 
Figure 2.8 Shows that the Baraan and Rudasht plains were bordered to 
the north by saline contact areas between the Kohru:l and Zayandeh Rud 
deposits and to the south by similar areas between the Zayandeh Rud 
sediments and the fans leading down from the slores of the Shah Kuh 
mountains. The extensive areas of Solonchak soils in these areas 
were formed by the rereated spreading and evaporation of runoff water 
from the Kohrud and Shah Kuh mountains. These Solonchaks generally 
had salt accumulations at all levels. The moisture content of these 
soils (approximately 14%) was usually lower than that of the 
well-drained and slightly to moderately saline soils. Water 
infiltration was limited and these soils would have been difficult to 
imp-ove ( 69). 
The rereated usage of Zayandeh Rud water for irrigation upstream 
meant that the agricultural areas of the Earaan and Rudasht plains 
received only small volunes of poor quality water for the leaching of 
salt accumulations. Poor drainage and arid conditions also 
accentuated the processes of salinisation in the Saline-Alluvial 
roils of these areas. On the southern peripheries of these plains, 
coarse-textured Alluvial and Colluvial roils and Regorols were found. 
These soils were generally deeper than 50an and had greater 
structural developnent and subroil lime accumulations than the 
Alluvial roils (70). These soils had moisture retention and 
infiltration characteristics similar to those of the Sierozem roils. 
In fact, Sierozem soils were found in isolated areas to the south of 
the Rudasht plain. 
~-~-~ Destruction Of Natural Vegetation 
The lack of natural vegetation cover in the :EBfahan region was a 
measure of Man's environmental imract. Extensive covers of 
vegetation in such an arid environment benefit the developnent of 
soils and their protection from erosion and floods, encourage 
livestock rearing and provide habitats for wildlife. Vegetation on 
high mountain waterSheds markedly improves the quantity, quality and 
control of water yield (71 ). 
The varying climatic, topographical and redological conditions 
were important 
the area (72). 
main elements 
in producing a distinctive distribution of plants in 
Persian oak, sycamore, ash and pistachio were the 
of a. forest covering the slopes between 2,500m and 
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3,cmm in the highland areas of the region. Denser forest had also 
become established on the lower slores which received between 200nm 
and 400nm of precipitation (73). Charcoal-making, fuel collecting 
and intensive grazing led to the comrlete destruction of the natural 
vegetation. Cultivation of domestic rlants and trees also reduced 
the numbers of wild species. By 1 g?7, the trees and herbacious 
understory of the upper forest had been removed and only a thin cover 
of short and medium grasses remained. The lower, denser forest had 
also been destroyed. Severe soil erosion and even sand dunes -were 
the outcome of the removal of the naturally sparse and low-growing 
vegetation by grazing and fuel gathering (74). 
2. 7 CLIMATE 
2.7.1 Introduction 
The climate of the Bsfahan region has both a marked effect on its 
soil and vegetation patterns and geomorPhological processes and a 
direct bearing on its surface and ground water characteristics. 
Considering the critical constraints on human adaptation and 
,aspiration imJDsed by the climate of the Bsfahan region, it is 
surprising that its climatic parameters only recently began to be 
monitored with any degree of scientific rigour. A lack of 
information regarding evaporation precluded integrated study of the 
relationships between the climate and water resources of the area, 
based on the concept of the hydrological cycle. Since the Esfahan 
region has a dry, continental climate determined by weather 
conditions which fluctuate regularly in accordance with the thermal 
and pressure systems affecting the Middle East, generalisations can 
be made from limited data sources (75). 
~.7.~ Precipitation 
2. 7. 21 Rain Gauge Network And Data Sources 
After the mid-1 950s, the Iranian Meteorological Department and the 
Iranian Surface Waters Department established many rain gauges in the 
region. A comprehensive gauge network was being develored to the 
west of Elsfahan because of the rugged torography of the area. In 
1 gJ7, more gauges -were still needed, however, especially in the 
eastern part of the region (76). The records for most of the new 
stations were short and incomflete but comparatively long records for 
five stations situated in the western part of the region were 
obtained from the Iranian Meteorological Department, Tehran, in 1 g?7. 
29 
The locations of these stations are illustrated by Figure 2. 9. The 
longest record, which was com riled at the Esfahan station, was only 
of data collected between 1961 and 1975. Despite the contribution of 
additional information by the Sogreah Consulting :Engineers and the 
fureau of Water Planning, the collated information only allowed 
qualitative comment. This was an unfortunate detraction because 
aridity constituted one of the most imrortant constraints on 
develorment in the Esfahan region. 
~.].22 Precipitation Variations 
The data presented in Tables 2.2 to 2.6 indicate that precipitation 
in the Esfahan region varied both seasonally and from west to east. 
The seasonal variations resulted from the effects of the weather 
patterns and systems affecting the area throughout the year. There 
is little precipitation during the months of June, July, August and 
September when a large belt of low pressure is usually centred over 
the Persian Gulf and the lowlands of Iraq. Intensive heating also 
produces smaller but less permanent centres over Anatolia and Central 
Iran (77). Reference to Tables 2. 2 to 2. 6 and Figure 2. 10 reveals 
that none of the stations at Kuhrang, Pol-e-Zamankhan, Pol-e-Kalleh, 
Najafabad and Esfahan received appreciable amounts of precipitation 
during the summer. The statistics below represent in rercentage 
terms, the prorortion of precipitation that these stations received, 
on average, during the months of June, July, August and September 
between 1961 and 1 969 • 
Station 
Kuhrang 
Pol-e-Zamankhan 
Pol-e-Kalleh 
Najafabad 
Esfahan 
Prorortion Of Total Precipitation 
ReceivEd (%) 
0.8 
0.9 
0.0 
0.9 
0. 1 
By mid-October, the Mediterranean depressions that contribute most of 
the precipitation of Iran became re-established and sufficiently 
develored to reach the western limits of the country (78). Tables 
2. 2 to 2. 6 and Figure 2. 10 show that the Esfahan region, although 
. situated within the vast eastern rain-shadow of the Zagros range, 
benefited from a limited amount of this preci pi tat ion. The 
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2.2 M::nt:hly Pre::::ipitatim (rnill.:irretre3) At Klhrarg (Altitt...ie: 2,650 rretres) 
JA'J. FEB. W\R. Am. M\Y JlN. JUL.. J'ffi. s:F. ocr. 'IDI. IEC. YEI\R 
521.0 238.0 247.0 161.0 16.0 0.0 0.0 0.0 0.0 0.0 1B3.0 166.0 1532.0 
225.0 285.0 70.0 A>9.0 52.0 0.0 0.0 0.0 0.0 29.0 129.0 282.0 1341.0 
113.0 Z2.7 .0 161.0 148.0 141.0 0.0 0.0 0.0 0.0 2.0 95.0 llB.O 1005.0 
34.0 253.0 145.5 165.0 33.0 2.0 19.0 0.0 0.0 0.0 75.0 134.5 861.0 
Z73.0 1%.0 155.4 110.0 :a>.O 0.0 lB.O 4.0 1.0 244.0 192.0 54.0 1273.4 
235.0 169.0 287.0 n.o 33.0 0.0 0.0 0.0 1.0 1B7.0 0.0 167.0 1156.0 
133.0 :D3.0 99.0 128.0 67.0 0.0 0.0 12.0 0.0 59.0 m.o 77.0 1103.0 
346.0 JJ5.0 251.0 158.9 54.0 0.0 0.0 0.0 5.5 61.0 0.0 :m.o 1461.4 
63.5 ~.5 42.7 42.5 00.0 0.0 0.0 16.0 7.5 41.7 48.6 171.0 GJD.O 
215.9 219.9 162.0 139.9 $.7 0.2 4.1 3.6 1.7 69.3 104.7 172.1 1.13).3 
:E: IrCI'lliJ1 ~ CXgcnisatim). 
2.3 M::nthly Pre::::ipitatim (rnill.:irretres) At Fbl~:lar6lidlan (Altit:u::E: 2,CXX> rretres) 
JlN. FEB. M\R. .Am. M\Y JlN. JUL. J'ffi. f»l • CCI'. 'IDI. IE. YffiR 
218.0 19.0 60.0 :il.O 6.0 0.0 0.0 0.0 0.0 0.0 ~.0 56.0 445.0 
19.0 45.0 0.0 149.0 0.0 0.0 0.0 0.0 0.0 0.0 15.0 60.0 288.0 
A>.O 52.0 9.0 48.0 0.0 0.0 0.0 0.0 0.0 0.0 42.0 54.4 231.4 
47.0 Z7.0 17.0 24.0 9.3 0.0 0.0 0.0 0.0 0.0 10.0 5.4 139.7 
57.4 47.0 49.0 9.0 0.0 0.0 0.0 0.0 2.0 13.0 21.0 17.8 216.2 
:n.o 81.5 44.5 Al.O 12.0 0.0 0.0 0.0 0.0 0.0 43.0 0.0 231.0 
25.0 34.0 61.9 JD.O 37.0 8.5 0.0 0.0 0.0 2.0 57.0 9.0 244.4 
37.0 34.0 70.0 133.8 21.9 0.0 5.2 0.0 0.0 35.0 33.4 62.7 433.0 
Al9.5 19.0 11.9 87.0 22.0 0.0 0.0 9.0 0.0 3.0 16.5 25.0 402.9 
74.3 39.8 35.9 58.9 12.0 0.9 0.6 1.0 0.2 5.8 )).4 32.2 292.4 
::e: Ircnia1 ~ Ckgcrrisatim) • 
2.4 M::nthly Pre::::ipitatim (rnill.:irretres) At Fbl--e-KaJ.:lffi (Altit:u::E:1,800 rretres) 
JAN. FEB. M'-R. .Am. 1!1\Y JlN. JUL • N.G. f»l. CCI'. NJI. oc. YE1\R 
26.0 7.0 19.0 32.8 0.0 0.0 0.0 0.0 0.0 0.0 8.0 6.0 ~.8 
6.0 4.8 0.0 38.0 7.0 0.0 0.0 0.0 0.0 0.0 0.0 39.0 94.8 
0.0 15.0 6.0 15.0 :D.5 0.0 0.0 0.0 0.0 0.0 11.0 19.0 96.5 
6.0 4.0 16.0 0.0 2.5 0.0 0.0 0.0 0.0 0.0 0.0 60.5 89.0 
33.2 14.0 5.5 3.0 1.0 0.0 0.0 0.0 0.0 5.5 8.2 3.0 73.4 
14.9 177.7 11.5 28.0 2.5 0.0 0.0 0.0 0.0 33.4 0.0 0.0 268.0 
13.0 )).5 5.2 3.5 0.0 0.0 0.0 0.0 0.0 0.0 Al.7 0.0 72.9 
13.5 6.0 23.5 %.0 JD.O 0.0 0.0 0.0 0.0 0.0 34.0 17.5 160.5 
91.0 1.5 16.7 -54.5 3.5 0.0 0.0 0.0 0.0 0.0 25.0 12.0 2:>4.2 
22.6 28.9 11.5 25.6 6.3 0.0 0.0 0.0 0.0 4.3 11.9 17.4 128.7 
Table 2.5 M:nthly ~ipitat.icn (mi..lllmetres) At tejafGba:i (Alti.tu:ie: 1, 765 !JS:res) 
iffiR't JAN 1 ffi3 I I • I • I f'1l\R. I Am. I t-\\Y I JUN. I JUL. i ALG. I !:EP. I ocr I MJV 1 .J:EL f YEAR t I • I • I • I I 
~ ;t 44.01 ;t 21.01 ;t J).OI ;t 58.01 ;t 4.01 ;t o.o, ;t 2.0, ;t o.o, :t o.o, ;t o.o, ;t 24.0, ;t 10.0, t 193.0 I 
I I I I I I I I I I I ' ' I ' l1gi21 19.0, 11.01 12.01 75.0, 10.0, 0.01 0.01 0.01 0.01 0.01 10.01 35.01 172.0 : 
119531 0.01 9.01 56.01 5.01 24.01 0.01 0.01 0.01 0.01 0.01 9.01 27.51 13).5 I 
I 19541 37.81 9-51 31.01 5.01 14.01 0.01 o.o: 0.01 0.01 4.01 7-51 16.81 125.6 I 
119551 75-51 10.01 6.01 5.01 4.01 0.01 0.01 o.o: 0.01 8.o1 4.01 6.01 118.5 I 
I I I I I I I I I I I I I I I 119561 19.01 5.81 28.01 0.01 4.01 0.01 0.01 0.01 0.01 39.01 o.o: 7.01 1a2.8 I 
119571 11.51 23-21 0.01 13.01 1.o: o.o: o.o: 0.01 o.o: 1.01 33.01 3.01 85.7 : 
I 9581 I 11 1 104.01 I 0.01 I 27.11 I 41.51 1a.ol I 0.01 I o.ol I 3.01 I 0.01 I 0.01 I 5.01 I 5.01 I 2{)3.6 I 
I I I I I I I I I I I I I I ' 119591 11.01 14.51 39.01 53.01 12.01 4.01 5.01 0.01 0.01 1.01 13.51 23.01 176.0 : 
tt1fANt 35.8t t t 28.41' t 4t t ;t ;t ;t ;t ;t t I I 11.51 25.51 10.1, o.-~ 0.61 0.31 0.01 5.91 11.81 14.81 145.3 I 
(S:x.r6e: Ircrlia1 ~~ Cl"ga'lisaticl'l). + + 
Tcille 2.6 t-b1thly ~ipit.aticl'l (mill:imetres) At Esfchan (Al.titu:ie:1,$4 nSre.s) 
IYFARI JAN. I Fm. I Mm. I Am. I M\Y I Jl.ll. I Jl.L. I AlG. I !:EP. I ocr. : KJV. I r:a:. I YEAR I I I 
i1951i *' ~ + ~ t + + ;t + + + + + 18.01 9.41 11.31 r:J7.11 1.81 0.01 0.01 0.01 0.01 0.01 11.91 6.01 115.5 : 
l1gi21 6.21 3.81 0.01 53.61 1.81 0.01 0.01 0.01 0.01 0.01 2.71 17.51 85.6 I 
h953! ' ' I ' ' ' I ' I I I I I 1.01 5.01 3.31 1.1 I 16.81 0.01 0.01 0.01 1.41 o.o: 9.61 12.71 ~-9 I 
119541 2.41 2.3: 28.61 5.91 o.o: 0.21 o.o: 0.01 o.o: o.o: 1.61 23.61 64.6 I 
!1955! I J).OI I 8.11 I 1.01 I 1.61 I 0.21 I 0.01 I o.ol I o.ol I 0.01 I 1.41 I 5.01 I 6.91 I 54.2 I 
I I I I I I ' ' ' I ' I I I I 119561 13.21 ::n.51 17.51 4.21 0.41 0.01 0.01 o.o: 0.01 26.21 0.01 8.81 9).8 I 
119571 13.91 12.91 8.01 10.51 4.1 I 0.01 0.01 0.01 0.01 0.61 25.1 I 1.61 76.7 I 
I I I I I I I I ' I ' I I I I 119581 5.81 g.ol 24.61 43.71 36.61 0.01 0.01 o.ol 0.01 0.01 8.41 aJ.71 148.8 I 
119591 48.61 1.51 ::n.o: 17.11 5.01 0.01 0.01 0.1 I 0.01 0.21 5.81 6.21 104.5 I 
!1970! I 29.81 I 23.71 I 8.51 I 23.41 I 5.01 I 0.01 I o.ol I o.ol I 0.01 I 0.01 I 0.21 I 21.81 I 112.4 I 
11971 I 11.01 22.01 7.01 37.01 0.01 0.01 o.o: 0.01 0.01 o.o: 29.01 14.01 1aJ.O I 
119721 39.01 6.3: 3).91 23.31 ::n.51 0.01 o.o: 3.31 0.01 0.01 7.1 I 11.51 147.9 I 
119731 0.31 22.01 6.01 13.01 0.01 0.01 2.4: 0.01 0.01 0.01 o.o: 5.21 48.9 I 
!1974! I 38.41 I 42.21 I 15.81 I 17.01 I 0.31 I 0.01 I 4.01 I o.ol I 0.01 I 4.81 I 0.01 I 47.11 I 16}.6 I 
119751 23-31 4.21 9.61 37.21 13.31 0.01 0.01 0.01 0.01 0.01 6.41 ~.OI 144.0 I 
+ + + t + + + + + + + + + + + (1)1 15.51 8.11 12.71 21.61 7.41 o.o: 0.01 0.01 0.1 I 3.21 7.91 11.61 88.0 I 
+ + + + + + + + + (2)1 18.71 12.91 13.21 23.01 7.1 I 0.01 0.41 0.21 o. 1 I 2.21 7.51 16.91 1a2.3 I 
~1~ t1m~-1m 2 r1m: 1 1-1 (S::>lrce: ~t.e:roJ.®ca]. (}'ga1i.satia1) • 
Tcble 2.7 1'1:nthly ~ipitatioo (mill:i.rn=tres) At Falvcrdja1, ~, Fbl-e-Kha:iju, Ziar cn:l Va zal:h 
+~==~~~==~====-~~~====~ 197~1% lFavcrci:inlcrdibeh. II<tcrda:il Tir I.Anm:ia:iiSBTivl M:tr. : AlB1 : Azar I Dey : B:tnml Esfcrdl 
+=:==:=;;;:~;;=;;;:=;===:~:====:;:;::======:;====::==::=:==::==:::;===~===~====:====-=====::? 
+-=-+March 211Api.l211May 221.1\.re 221July ~- 23-!SePt-23Rtt· ~- 22~.22-+JCI'l. 21-tf"eb. al+==+ 
IStatioo I-Api.12)1~ 21 I-Jt.re211-JulY231-~•221-Bep.22l-<bt.22l-fbJ.211~.21I~C11.a>-f'eb.19l-M:r.a>ITotall 
~-~---, ,~~--,--, --~-, -~~ I I 
1Falvardja1 1 23.5 1 10.2 1 3.6 1 o.o 1 1.8 1 o.o 1 0.6 1 5.4 1 a>.o 1 12.6 1 26.0 1 50.0 1153.71 
!Nauta:~ : 22.0 I 7.4 I o.o I 1.2 : o.o I o=-o-ro.a-1~7Tr 11.0 I 12:21 16.8 I 26.0 1110.61 
I -1 I I I I I I I I I I I I I 1Pbl-e-Khadju 23.0 1 8.8 I 3.5 1 0.5 I 1.0 I 0.0 I 0.6 I 6.4 I 12.0 I 16.4 I 24.2 I 25.4 1121.81 
lZiar I 11.6 I 3.25 I o.o I o.4 I o.o I o.o I o.6 I 8.o I 6.4 I 11.0 l 19.4 l 18.8 I 91.51 
lvarzaneh I 9.4 I 3.15 l 1.15 I 1.5 l o.25 I o.o l o.o l 5.4 l 5.6 I 11.4 I 9.8 I ao.4 l~ (&ur'"re: ~ctJ ea-duti.fl5 ~): I I I I I I I I I I 
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statistics below give the proportion of precipitation during October 
and November. 
Station Proportion Of Total Precipitation 
Received (%) 
Kuhrang 15.1 
Pol-e-Zamankhan 12. 4 
Pol-e-Kalleh 12.6 
Najafabad 12.2 
Esfahan 12.6 
The winter months of December, January and February generally 
constitute the "rainy season" of Iran. The weather pattern is 
characterised by the southward displacement of the depression track 
and by the development of a high pressure belt centred over the 
cooling continent of Asia. This pressure belt is not continuous and 
smaller high pressure zones develop over the Armenian, Anatolian and 
Central Plateaux. These repel the depressions travelling eastwards 
and even during early winter, only a few manage to penetrate south of 
30 deg. north. The high pressure belts gradually expand as winter 
progresses and the depressions travel northwards of the Zagros 
mountains (79). During winter, the lowland stations of the Fsfahan 
region received only a fraction of the precipitation received by the 
stations located at higher altitudes. The station at Kuhrang was 
located at an altitude of 2,650m in the Zagros mountains in the 
watershed of the Zayandeh Rud. This station received, on average, 
over 600mm of precipitation during the winter months of December, 
January and February between 1961 and 1969. The station at Fsfahan 
during the same time period received, on average, only 35mm of 
precipitation. The statistics at the top of the next page show the 
proportion of precipitation received during the winter by the 
stations in the western part of the region. The tabulated statistics 
indicate the importance of this winter precipitation. 
Station 
Kuhrang 
Pol-e-Zamankhan 
Pol-e-Kalleh 
Najafabad 
Esfahan 
31 
Prorortion Of Total Precipitation 
Received (%) 
52.8 
50.0 
53.9 
42.9 
40.0 
Tables 2.2 to 2.6 and Figure 2.10 illustrate the effects of the 
depressions reaching Iran during spring. In IVRrch, April and May, 
the Asian high pressure belt and its secondary centres weaken and 
slow-moving depressions over the steppe of Iraq or over the Turkish 
mountains to the north, draw in moist air from the Gulf region. This 
moist air induces a great deal of convectional rrecipitation (80). 
The statistics below show the prorortion of precipitation received 
during these months between 1951 and 1959. 
Station 
Kuhrang 
Pol-e-Zamankhan 
Pol-e-Kalleh 
Najafabad 
Esfahan 
Prorortion Of Total Precipitation 
Received (%) 
31.1 
36.5 
)3. 7 
44.0 
47.4 
Tables 2. 2 to 2. 6 and Figure 2. 10 aloo show the gradual decrease 
in precipitation in the Esfahan region from west to east. The 
station at Kuhrang had an average annual precipitation of 1,150.3mm 
in the period between 1961 and 1969. Much of the precipitation at 
this station undoubtedly fell as snow but, in common with the other 
stations of the region, it had no snow-measurement facilities (81 ). 
Figure 2. 9 shows that the Pol-e-Kalleh, Najafabad, Pol-e-Zamankhan 
and Fsfahan stations were located further eastwards and at much lower 
altitudes. Between 1961 and 1 969, the station at Pol-e-Zamankhan was 
. the only lowland station to receive more than 250mm (292.4rrm), on 
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average, of preci pi tat ion rer year. The station at Esfahan had an 
average annual precipitation of 88. Orrm for the same period (and 
102. 3nm for the longer 1 %1-1 g-[5 period) • The return period of an 
annual precipitation of 230mrn or more at Esfahan is once in a hundred 
years (82). A map consul ted at the fureau of Water Planning, Tehran 
showed regular distances between isohyetal lines in a direction 
perpendicular to the Zayandeh Rud. Those lines reflected the strong 
relationship between preci pi tat ion and al ti tude, which was also 
supported by the precipitation measurements supplied by the Sogreah 
Consulting Engineers. These data (see Table 2. 7) were derived from 
the 1g-[0-1g-[5 records of the Falvardjan, Nekuabad, Pol-e-Khadju, Ziar 
and Varzaneh stations. These values also show a marked decrease in 
precipitation eastwards across the Esfahan region. The locations of 
these other stations are illustrated by Figure 2.9. The low average 
annual rrecipitation measurements for the Ziar and Varzaneh stations, 
situated on the Baraan and Rudasht plains, respectively, corresponded 
to the aridity of the plains east of Esfahan. 
~.7.} Temperature 
~.7.]l Introduction 
The temperatures recorded in 
seasonally and with altitude (83). 
the Esfahan region also varied 
The data presented in Tables 2. 8 
to 2. 12 and in Figures 2. 11 to 2. 15 were obtained from the Iranian 
Meterological De:rartment, Tehran, in 1 g-[7. The graph 1 ines represent 
the average monthly temperatures recorded at the Kuhrang, 
Pol-e-Zamankhan, Pol-e-Kalleh, Naj afabad and Esfahan stations between 
1%1 and 1%9. The stations with the lowest average monthly 
temperatures were those situated at the highest altitudes. 
2.7.32 Seasonal Variations 
---
The hottest months of the year in the Esfahan region were June, July 
and August. Between 1%1 and 1%9, the average temperatures at all 
the stations were above 17 deg. C. Kuhrang, the station situated at 
the highest altitude, was the coolest. Table 2.8 shows that at 
Kuhrang the average temperatures during June, July and August were 
17.4 deg. C., 21.4 deg. C. and 20.6 deg. C., respectively. 
Table 2.12 show that by comrarison, the average temperatures for 
the same months at Esfahan were 26. 3 deg. C. , 28. 9 deg. C. and 
27.2 deg. C., respectively. The highest temrerature recorded 
between 1961 and 1969 was 44 deg. C. in July 1%4 at 
Pol-e-Zamankhan. 
Tabl,a 2.8 Temperatures (Centigrade) At Kuhrang (Altitude:2,650 metres) 
------- ------------------------- ------------------
Table 2.9 Temperatures (Centigrade) At Fbl-e-Zamankhan (Altitude:2,000 metres) 
------~-- ---------------~------------------------- -----------------------r------------------------------------t 1 Jan. I Feb. I Mar. I Apr. I May : June: July: Aug. : Sep. :Oct. I Nov. : Dec. 1 
r--------t----t---~--zt.---t1-~--~--~-t1---t--~-nt-----t 
I Mean I 3 o 2 I 0 o 11 6 o 6 I 1 0 o 4 I 19 • 0 I 21 o 11 21. 51 20 o 0 I 17 o 4 1 15 o 2 1 1 0 • 0 I -- I 
1 t-- 1- I '1'Cnt---~;:IT:;---TI- I ·g -~~rn~----t 
1 1961 Max. 1 11.01 11.01 15.0125.0i3D.0139.0138.013 .0132.0129.0 125.01-- 1 
1 t- · I ---nt--- I -nt--~-;;r---t----t--nt--nt---nt---nt 
+--- Min. ~-10.0~-10.01 -4.01 1.01 4.21 5.51 5.01 6.01 4.0 1 2.0~-5.01 -1.01 -----r----r - 1 -:rr--~--:;11-r-;-rt--m-fiT1z-m-;;r---nt I Mean 1 2.51 4.81 8.2 1 9.Di12.7118.3120.5118.4116.9116.5113.71 10.91 1 r-nt-- 1 --nr--- 1 ·- 1 • -m--~-m~-nr.:;---r;--nt 
11962 Max. 1 15.01 15.01 17.0120.0129.0135.0132.0135.0133.0133.0132.01 31.01 
1 t--n-nr-l'\'nt--nt-1rt--nt--ntc-rt--~-~nt-6- I -nt 1 Min. ~-10.01 -o.01 -1.01 1.51 2.01 4.01 5.51 3.01 2.0 1 2.01- .01 -9.01 
r-------t---~-n----m--m-m-7hin-nr-;--nt1-- -r 1 -rt----t I Mean I 11 o 1 I 12 o 0 j 11 • 3 I 14 • 3 I 16 • 0 I 1 9 • 1 I 20 o 9 I 20 • 9 I 1 8 • 7 1 16 o 4 1 11 o 5 1 2 o 7 I 
1 r-- I - I - I ~--;:IT:;--~~-~--r.;--~- ·1 -nt 
11963 Max. 1 32.01 31.01 29.0129.0128.0136.0138.0139.0133.0132.0128.01 22.01 
1 t- I .._,-nt----:rr--nt- I -I I --r--nt-;-~nt---rt 1 Min. 1 -8.01 -o.01 -5.21 0.01 1.61 5.01 6.01 6.01 5.01 3-0~-7.0~-15.51 
r----t-----:rr--nt- I - I I I I ~-m-~ot---nt 
1 Mean 1 0.31 11.01 10.8115.4121.5123.3126.5125.3122.3117•5113•81 4.01 1 r-7nt---nt---;:IT:;--nt I I • I ntii1rm--;:IT:;--nt---nt 
11964 Max. 1 17.01 31.01 29.0134.0138.0138.0144.0143.0141.0135.0132.01 32.01 
1 r- I I I ~-rt--mn;::;to- ·1 I I -~-;tt 1 Min. ~-15.01 -7.01 -8.5~-3.01 4.51 1.5110.01 8.51 5.01 2.0~-7-5~-24.01 
t---:-r-zcrr---~ 1 -m-~-nt::;~- r -- ·1 ---1 - 1 -nt I Mean +-~~~:~:8I15:6!1I:~~!:912~6+2~:7I2!:oi17.3I1~:~I-~+ 
11965 Max. 1 30.01 31.01 31.0135.0134.0136.0139.0140.0138.0135.0128.01 21.01 
1 r-n-nt---;;T----nt---nt-1;;1-- I - I --- r --- r I I ---rt 
+- Min o 1 -20 o 0 1 -16 o 5 1 -7 • 0 1 -6 o 0 1 1 • 5 1 6 o 0 1 8 o 5 I 9 o 0 I 5 • 0 1 -3 • 0 1 -6 • 0 I -7 • 5 I ----t--- 1- -1 nt1 1---rr,:,- I - I I - t-- · t---rt---t I Mean 1 6 o 2 I 6 • 1 I 8 o 0 I 11 o 6 I 15 o 4 I 22 • 6 I 22 o 5 I -- I 23 o 5 I 20 • 3 I 17 • 5 I 13 • 0 I 
1 t-- I I -- I - I -- I I I ---tiin I --I I ---t 
11966 Max. 1 23.01 19.01 22.0125.0134.0137.0138.01 - 140.0136.0132.01 28.01 
1 t- I I .._,--rt---rt--- I I - I t g-rt-:r--t 1-nt 1 Min o 1 -7 • 0 I -6 • 0 I -0 o 5 I 1 • 5 I 2 o 5 I 6 • 0 I 8 • 5 I - I • 5 I 0 • 0 I 3 • 0 I -6 • 0 I t----- I nrr----;t-n-m-- I --m I I ·-- ·1----1 --:;11-t--~ 
1 Mean 1 9.61 1.21 9.0111.5116.1121.0124.2122.5120.5117•7113•51 7.7, 1 t--- 1- I • I ~--nr.:;-nrro-··1 I • · ·m--nt--nt---nt 
11967 Max. 1 21.01 26.01 29.0127.0137.0137.0138.0137.0135.0133.0130.01 26.01 
1 r-- I - -rt--- I I ·-- I · • t- I nt-~ ' ' I --nt---;tt 1 Min. 1 -7.0~-12.5~-12.5~-6.5~-3.01 5.011o.o1 9.01 5.51 4.6~-6.0~-17.01 
r------~--1 -n--1- ·1· m-rr,:,--or-;-r-;~---1 1 ---~ 
1 Mean 1 6.91 9.6111.0115.1116.3119.4122.8123.2121.3122.2116.61 12.Di 
1 r- I -- I --- I I · I • ·mo I - - I - · • I -"J'iTI-i'i't-::v7nt 
11968 Max. 1 24.01 26.21 26.0128.4132.0136.0138.0138.4136.2138.4131.41 21.01 1 r--nr-nt--nr1"Ct- -1 nt--;;M;nt---nt-~--rt---nt 
1 Min. 1-11.01 -7.01 -5.01 1.51 4.01 6.01 7.51 7.01 6.01 5.51 5.51 -8.01 ~---~-ot--~--'1t--;t--:m-~--rt1;:;-t-- 1 ·- ~--~---t I Mean +-10:~~-~~~~2:~~:~~2:~~2+12·2~15:it-- I .~·7+-~~ 
11969 Max. 1 9.01 12.01 16.9121.0127.5134.5139.0138.0129.01 -- 121.01 13.01 1 r-;nr-n-nr--- I -nt7-rt---rt--nt-rr-~-r-nt- I - I 1 Min. ,-32.0~-19.01 -6.3~-3.01 5.5, 5.51 8.01 4.01 2.0~-3.01-5.0, -7.0, +------- t • -· --+----+---+ -+- I -+---+---+- I --+-----+ Mean t-"i'it--;t--r;-~mz-or-;-:;r-;-~-~-~-11";;-ot----rt ¥e~~~ ~~ 9-lJ._ 9.2 1 !~~-8,2o.7~~:.~~~~:Il.19.:.41,7-9 1 12~I:~ ~issing data . {~urce: Iran1an Meteorological Organ1sation). 

Table 2.11 Temperatures (Centigrade) At Najafabad (Altitude: 1,765 metres) 
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During the autumn months of Septeml:er, October and Nov enter 
tem:r:eratures gradually decrease. Table 2.11 shows that the average 
tem:r:eratures for Septeml:er, October and NovEml::er at Naj afabad were 
22.9 deg. C., 16.4 deg. c., and 9.8 deg. c., respectively. 
Deceml:er and January were the coldest months of the year. Table 2.8 
shows that at Kuhrang, the average tem:r:eratures for these two months 
between 1961 and 1969 were -0.2 deg. C. and -3.1 deg. C., 
respectively. This station usually had very low temreratures during 
the winter and Table 2.8 indicates that -:-31 deg. c. was recorded 
in January 1964. The other stations situated at lower altitudes 
generally had higher tem:r:eratures during· winter. Table 2. 9 shows 
.that Pol-e-Zamankhan had average Deceml:er and January tem:r:eratures of 
7. 6 deg. C . and 6. 4 deg. C. , respectively, between 1961 and 
1969. Table 2.12 shows that the station at Esfahan, despite its 
lower altitude than Pol-e-Zamankhan, had lower average tem:r:eratures 
for Deceml:er and January of 4.8 deg. C. and 3.1 deg. C., 
respectively, in the :r::eriod between 1961 and 1 969 and tem:r:eratures of 
4.2 deg. C. and 2.5 deg. C., respectively, for the :r::eriod 
between 1961 and 1 g?5. However, the minimum tem:r:eratures recorded 
during the first period were generally higher than those recorded at 
Pol-e-Zamankhan. During the spring, the tem:r:eratures recorded at all 
the stations gradually increased. Table 2. 10 shows that the average 
tem:r:eratures recorded at Pol-e-Kalleh in the months of February, 
March, April and IVRy between 1961 and 1 969 were 5. 4 deg. C., 9. 6 
deg. C., 11.6 deg. C., and 16 deg. C., respectively. The 
average tern :r:eratures recorded at Esfahan (see Table 2. 12) of 6. 2 
deg. C., 11.2 deg. C., 14.5 deg. C. and 20.8 deg. C., 
respectively, for the same months indicated a greater general 
increase of tem:r:erature at lower altitude. 
~.7.33 Variations With Altitude 
The relationship between altitude and tem:r:erature could be perceived 
in terms of the dissimilar growing seasons exrected in different 
parts of the region. Between 1961 and 1969, freezing temreratures 
were normally recorded at Kuhrang from October through to fw'Jay. The 
~ecords from the stations, respectively, situated on the plains of 
the Esfahan region indicate that a fairly long growing season 
extending from fw'larch into Novenber VJaS normal in this area (84). 
~.7.34 Annual Variations 
Figures 2. 11 to 2.15 represent the average monthly temreratures 
recorded during each year between 1961 and 1969, and at each of the 
34 
five stations. These figures show that the temrerature regime of the 
:EBfahan region is generally predictable from year to year. Figures 
2.11, 2.12 and 2.13 show the temreratures at the Kuhrang, 
Pol-e-Zamankhan and Pol-e-Kalleh stations and reveal that there was a 
marked similarity in seasonal temrerature variation. With few 
exceptions, the average monthly temreratures for the Kuhrang and 
Pol-e-Kalleh stations were within a range of less than 5 deg. C. 
and the average monthly temreratures for the Pol-e-Zamankhan station 
were within a range of 10 deg. C. Between 1%1 and 1 %9, the 
greatest variations of temrerature from year to year occurred at 
Najafabad. Referring to Figure 2.14, it can be seen that the 
temreratures during the mid-1960s were generally higher than those 
during the early and late 1%0s. The reasons for this difference are 
,not known. The graphs for the other stations do not show any such 
dissimilarity. The overall consistency of seasonal temrerature 
variation throughout the region confirmed that generalisations could 
be made fairly confidently on the basis of the short 1%1 to 1 %9 
record. 
~.7.1 Evaporation 
Evaporation has not been rigorously monitored in the Esfahan region. 
The Sogreah Consulting Engineers sited Class A evaporation pans at 
Falvardjan and Kessikdash near the Pol-e-Zamankhan meteorological 
station. Table 2.13 gives the average evaporation (in mm/month) at 
Falvardjan for the Iranian reriod of 1348-1354 (March 21st, 1%9 to 
March COth, 1 CJ75) [ *]. The average annual evaporation at Falvardjan 
between 1348 and 1354 was 2, 122mn. The VJater in the pan usually 
froze for more than tw weeks during the Iranian months of Dey and 
Babman (December 22nd to February 19th) and sometimes during the 
month of Esfand (February COth to ~reb COth) . The evaporation rates 
during these months were measured when the temrerature was above 0.0 
deg. C. ( 85 ) . Figure 2. 16 graphically represents the data of the 
above table and sho-ws that evaporation was greatest in summer and 
varied regularly throughout the year. 
The average annual evaporation at Kessikdash between 1348 and 
1354 (March 21st to March COth 1 CJ75 ) was 2, 250rrm. This estimate, 
however, was alro based upon comrarisons by the Sogreah Consulting 
Engineers with the basins of the River Pecos in New Mexico, United 
States and the Chocon, Colorado and Ceros dams which were located in 
the Rio Negro basin of Argentina. The geographical locations of 
these areas were similar to those around the Kessikdash station (86). 
l*l Ap~ndix II contains information concerning the correspondence 
ootween the Iranian and Gregorian calendars. 
Table· 2.13 Evaporation At Falvardjan 
- - -------------------------1348-1354 : 1969-1975 
+=================================================================+ lFav.lOrd.l Kh.lTir.lMor.lShr.lMeh.l Ab.l Az.lDay.lBhrn.lEsf .lTotall 
t-----------------------------------------------------------------t ~195-1236-1295-1337-1316-1249-1163-T113-T-73-T-39-T-36-T-76-T2112-~ <1) 
~~-~~---~---~-Qt----t----t----t----t----t----t-----t 
I 9 • 2 I 11 • 2 I 13 • 5 I 15 • 9 I 15 • 0 I 11 • 8 I 7 • 7 I 5 • 4 I 3 • 5 I 1 • 8 I 1 • 7 I 3 • 3 I 1 00 I ( 2 ) 
15-Evaporation-rn-miiiimetres:-----------------------------------
r
-----------------------------------------------------------------+ 
2) Proportion (%) of the total annual evaporation. 
Source: Sogreah Consulting Engineers). 
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Both the F.alvardjan and Kessikdash measurements indicate a natural 
state of great aridity in the Isfahan region. 
2. 8 SURFACE WATER RESOURCES 
2.8.1 Introduction And Data Sources 
Water is the most vital resource of the :EBfahan region. The 
consistent availability of large quantities of good quality water has 
profoundly influenced Man's existence within an otherwise arid 
environment. 
The resource has not remained unchanged. Surface \'later and its 
distribution over the region has to be examined with reference to 
both human and natural factors. Economic and ropliation growth in 
the Esfahan region has always been strictly controlled by the 
quantity and quality of surface water available. Past investments, 
in the form of large scale alterations of the surface water supply 
system, reflected not only the increasing sorhistication and 
exransion of the economy and ropulation of the area but also the 
,constraints im ro sed by this resource. In 1 gn, the dependence of Man 
upon surface mter resources seemed to be increasing because plans 
for comprehensive economic development were necessitating costly and 
extensive modificiations to the supply system, improvanents in mter 
utilisation efficiency, organisational changes and the regulation and 
augmentation of current supplies. The following discussion is 
focussed principally on the Zayandeh Rud and is divided into sections 
concerning water quantity and water quality. A considerable amount 
of information about the Zayandeh Rud ·.\'laS made available by the 
Bureau of Water Planning, 
Dep:trtment , the Plan and 
Regional Water Authority and 
~.8.~ Surface Water Quantity 
~.8.~ Gauging Stations 
Tehran, the Iranian Surface Waters 
fudget Organisation of Iran, the :EBfahan 
the Sogreah Consulting Engineers. 
Considering that the Zayandeh Rud is the principal source of surface 
water in the Esfahan region, it is perhaps not surprising that the 
word "Zayandeh" in Persian means "life giving" and that the mter of 
this perennial stream is carefully monitored. In the period between 
1921 and 1951 , there were only five gauging stations beside the 
Zayandeh Rud (87). Although only one more station \'laS established 
between 1951 and 1951, the number of gauging stations increased 
rapidly between 1 9)1 and 1971 . There were fifteen stations in 1 CJ77 
(88). However, 
criteria, it was 
Pol-e-Zamankhan, 
36 
by using data compatability and comrleteness as 
evident that only the records of the 
Pol-e-Kalleh, Mazraeh and Pol-e-Khadju stations 
? 
could be used with confidence in the following discussion. The 
records of the Pol-e-Baba Mahmud, Garmasseh, Ziar and Varzaneh 
stations were short and incomJlete but were included t~ comrlement 
other data. The locations of these stations are illustrated by 
Figure 2. 17. The monthly discharges recorded between the Iranian 
years of 1344 and 1353 (March 1966 to March 1975) are shown in Tables 
2. 14 to 2. 21 . 
2.8.22 Data Deficiencies 
The data for several of the gauging stations were inconsistent 
because of a number of different factors including scale and location 
changes and river-bed modifications (89). 
The river discharge record for the Pol-e-Zamankhan station was 
a~curate because the bed of the Zayandeh Rud had remained stable at 
this location. However, three distinct sets of discharge 
measurements were identified from the records of the Pol-e-Kalleh 
station. The measurements made before, during and after the reriod 
between the middle of Tir and the middle of Amordad in 1352 (July and 
the first week of August 1973) were inconsistent because of the 
natural deerening of the river bed. The discharge record for Mazraeh 
was accurate: but in 1351 (March 1972 to March 1973), the gauge was 
moved to a new location at Nekuabad. Progressive river bed deerening 
at the Pol-e-Baba Mabmud station had resulted in four marked 
measurement variations during 1350 (March 1971 to March 1972). There 
had also been profound and regular deepenings of the Zayandeh Rud at 
the Garmasseh station. Five distinct sets of measurements had been 
delimited between Esfand 1351 (February 1973) and Aban 1352 (Novanber 
1973). A flood during Azar 1352 (December 1 973) rroduced 
considerable river bed modification and consequently another set of 
measurements. The scale of the gauge at the Pol-e-Khadju station was 
.altered at the end of Azar 1350 (middle of December 1971). In the 
period between this date and Ordibehesht 1353 (April 1974), there was 
a progressive filling of the water bed and five inconsistent sets of 
measurements were identified. The discharge records for the station 
at Ziar were also inconsistent because of river bed changes. The 
measurements for 1349 (March 1970 to March 1971 ) were generally 
different from those recorded subsequently. Moreover, the readings 
taken during 1352 and 1353 (JVarch 1973 to March 1975) were of dubious 
quality because of observers' errors. The discharge records comriled 
N 
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Table 2.15 Average Monthly Discharges Of The Zayandeh Rud 
Table 2.16 Average Monthly Discharges Of The Zayandeh Rud At Mazraeh 
-------- --------(cubicmetreS'Persecond) 
Table 2.17 Average Monthly Discharges Of The Zayandeh Rud 
------- -- --------At1'01:~:&~-MifWuct-(~t;iC-ffi~tr~s per seconct) 
- ---------------------------------------
i1e~ffF~~~rara~r=Kfi~frrf~fAOf~f§fi~~fRefi~r=i5~r=iz~fo~y~fsa~rr5r:r~~nr 
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~ I 1----r-- I I I · ·-t-~'1'1'11-~-i'H11-rn--~-t j 13q5 I - I - I - I - I - I - I 5 • 9 I 11 • 1 I 1 0 • 0 j 11 • 4 I 11 • 5 I 20 • 3 I f I 
~-1 - I -~---1 I I -;rr----r---t---r-- I -- I --r--t 11346119.6124.2118.6112.11 4.21 2.01 - 1 - 1 -- I - I -- 1 -- I I I 
m- I I --1 - t I I ---t--r--r--t----r---r--ra-t 113471- I- I - I - I -- I -- I - I -- I -- I - I -- I - I f I 
t1 - ·1 I - t --- I I --t--r---r--t--r- t- I --r--t 113481 -- I - I -- I - I -- I - I - I-- I -- I - I -- I - I f I 
n- 1 ·- I I -r-- ·1 · I - -r- I --r---t----1 I I ,--t 113491 - I -- I -- I -- I -- I -- I - I -- I -- I -- I -- I - I I ~;;-t----t----t----r I ·--t--t----t- "I -- I I -1- -n----t 113501 -- I -- I -- I -- I -- I - I - I -- I -- I -- 110.6112.61 f I 
t I -~-~;;11i;-m---l 1-- I ·--r-:; I ~~t11--l I 
I 1351 1 19 • 7 I 20 • 0 j 22 • 7 I 14 • 1 I 12 • 8 1 11 • 4 I 15 • 8 1 -- 1 20 • 6 I 22 • 3 I 1 .. • 8 1 11 • 0 I * I 
I I --I I oh',.~-~ I ~nt-nc116 -1-4 n-- · ·1 rt 
I 1352 I 15 • 0 I 15 • 0 I 22 • 8 I 1 0 • 0 j 13 • 0 j 17 • 3 I 12 • 9 I 12 • 9 1 20 • 5 I 1 • 9 I 1 • 1 1 19 • 7 I 1 0 • 5 1 
I I--~- I -t1--m~-;-m--~zr-;-rn--:rr-- I -rt1o--;t 11353117.5115.5117.6114.1113.7113.5117.7117.6124.4124.3124.3119.5118.31 
tSour6e:-S6greah CO~l tirig Fngineefs): 1 - - 1 --+----+---+-- 1 --+ 
Table 2.20 Average Monthly Discharges Of The Zayandeh Rud At Ziar 
---------- ---------------------------------(cubic-metres-per-second) 
Table 2.21 Average Monthly Discharges Of The Zayandeh Rud At 
37 
between the end of Khordad 1350 and the beginning of Azar 1351 (J'iay 
1971 to December 1972) and between Azar 1351 and Eahman 1352 
(February 197 4 ) were not consistent. These data also differed from 
the records of the preceding and subsequent periods (90). 
~.§.23 Surface Water Availability 
The deficiencies of the data preclude an accurate quantitative 
analysis of the regime characteristics of the Zayandeh Rud. However, 
it is possible to make valid, qualitative statements. Figure 2.18 
shows the average annual hydrographs for the Pol-~Zamankhan, 
Pol-~Kalleh, Mazraeh, Pol-~Khadju and Varzaneh stations for the 
period between 1344 and 1353 (J'iarch 1965 to J'larch 1975) [ *]. Two 
average annual hydrographs were plotted for each station because the 
averages comruted from the measurements presented in Tables 2.14, 
2.15, 2.16, 2.19 and 2.21 strongly reflected the exceptional 
flows of 1347 and 1348 (J'iarch 1968 to March 1970). These flows were 
produced by very heavy precipitation in the Zagros range. The annual 
precipitation at Kuhrang for 1347 (March 1968 to March 1%9) Wcl.S 
2, 031 • 5nm and for 1348 (M:trch 1 %9 to March 1970) , 1 , 472nm ( 91 ) . 
During these two years ( see Tables 2. 15 and 2. 19) , the average 
annual discharge of the Zayandeh Rud was approximately 50 cubic 
metres per second (cu.m/s) at Pol-~Kalleh and approximately 30cu.m/s 
at Pol-~Khadju. Such discharges can be attained on average once in 
a hundred yean~ ( 92 ) . Hence, the average annual hydrographs based on 
monthly discharges, excluding those of the 1347-1348 period (March 
1%8 to Mlrch 1970) were probably more representative of the usual 
seasonal flow variations of the Zayandeh Rud. However, the average 
annual hydrographs compiled from the entire 1344-1353 (.IV!arch 1965 to 
March 1975) reriod show how pronounced were the seasonal variations 
[**]. The utilisation and comparison of both sets of hydrographs 
reveal that the Zayandeh Rud had a simple regime: one reriod of high 
water levels and one reriod of low water levels (93). This variation 
was clearly evident from the hydrographs relating to the 
Pol-~Zamankhan and Pol-~Kalleh stations. The high level period 
occurred between :EBfand and Khordad (February 20th to June 20th) . 
The months of Farvardin and Ordibehesht (March 21st to May 21st) had 
the greatest river discharges. These high river levels resulted from 
extensive snow-melt in the Zagros range ( 94). At M:tzraeh, although 
the average annual hydrograph based on the complete data set clearly 
[ *] Hydrographs for the Pol-~Baba Mahmud, Ga:rmasseh and Ziar 
stations were not produced because of the 1ncompteteness of these 
h~<:;Jrds. J The area between th~ two sets of graphs )represents the ischarges of 1347 and 1348 ~M:trch 1%8 to March 1970 • 
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reflects high spring-time discharges, the other hydrograph shows less 
distinct seasonal variations (95). Comparatively large discharges 
during the months of Esfand, Farvardin and Ordibehesht (February 20th 
to May 21st) are shown by the hydrograph based on the full data set 
for the station at Pol-e-Khad,ju. The hydrograph compiled without the 
1347 and 1348 records has a less marked high water level period. At 
Varzaneh, this period was very indistinct, Eahmand and Esfand being 
the only months with comparatively high discharges. This progressive 
decrease of seasonal variation downstream was probably due to a 
combination of different factors. These may have included the 
storage, channelling and utilisation of comparatively high flows for 
irrigation and the gradual return of this irrigation water in the 
form of ground water to the Zayandeh Rud throughout the year. These 
two effects were probably emphasized by the endogenic properties of 
the Zayandeh Rud. The hydrographs based on the data sets, excluding 
the 1347 (March 1968 to March 1969) and 1348 (March 1969 to March 
1970) measurements, give approximate representations of surface water 
availabity and show that there was a gradual reduction of river water 
volume towards the Gavkhuneh depression. This reduction was caused 
mainly by evaporation, an effect exacerbated by the extensive 
irrigation practised in the Esfahan region. The hydrographs for the 
upstream stations of Pol-e-Zamankhan and Pol-e-Kalleh indicate far 
greater surface water availability than those for the Pol-e-Khadju 
and Varzaneh. This variation in million cubic metres (mcu.m) is 
illustrated by the table on the next page. The estimates presented 
in the table give only an approximate representation of the variation 
because the Pol-e-Zamankhan, Mazraeh and Pol-e-Khadju averages were 
based upon data collected between 1344 and 1352 (March 1965 to March 
1974); the Ziar average was computed from the monthly discharges 
recorded between 1345 and 1351 (March 1966 and March 1973); and the 
average for Varzaneh was based on data collected between 1345 and 
1353 (March 1966 to March 1975). Moreover, the exceptional flows in 
1347 and 1348 (March 1968 to March 1970) were disregarded in the 
computation of these averages. 
Station 
Pol-e-Zamankhan 
Pol-e-Kalleh 
M.:izraeh 
Pol-e-Khadju 
Ziar 
Varzaneh 
Average Surface Water Availability 
913mcu.m/yr 
835mcu.m/yr 
773mcu.m/yr 
347mcu.m/yr 
146mcu.m/yr 
40mcu.m/yr 
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Average annual hydrographs comriled by the Eureau of Water Planning, 
Tehran, were derived from the monthly discharge measurements made 
between 1332 and 1 351 ( M.:irch 1954 and March 1 CJ7 4 ) at the 
Pol-e-Zamankhan and Varzaneh stations. The fureau of Water Planning 
stated that the average annual volumes passing through the Zamankhan 
and Varzaneh stations during this 18 year reriod were 927mcu.m and 
172. 4mcu .m, respectively ( 96). These figures and estimates are 
probably misleading because they are derived from records of 18 years 
duration which included two years of discharges with one year in a 
hundred return reriods. The total flow at Varzaneh of 465.4mcu.m in 
1347 (March 1968 to IVJarch 1969) was over thirty times greater than 
the flow for 1345 (March 1966 to March 1967) of 13.8mcu.m. 
Evidently, the flows of 1346 (IVJarch 1967 to March 1968) and 1345 
(March 1966 to March 1967) were fairly representative of the usual 
discharges at Varzaneh. Hence, the inclusion of the 1347 (March 1968 
to IVarch 1969) flow in the comrutation of the average annual volume 
JliSSing. Varzaneh probably produced an over-estimate. The average 
annual flow for the Pol-e-Zamankhan station was very similar to the 
estimate of 913mcu.m/yr included in the table above. This was 
surrrising because, firstly, the fureau's COIDp.ltation included the 
:exceptional flows of 1 , 598mcu .m in 134 7 (March 1968 to March 1969 ) 
and 1 , ED4mcu .m in 1348 (IVarch 1969 to March 1 970) and secondly, 
their estimate related to a period during which the flows (see Figure 
2. 20) were probably lower than those in the preceding reriod. 
~. ~· 24 Modifications To The Flow Of The Zayandeh Rud 
The data which were used in the above discussion reflected the recent 
modifications of the flow of the Zayandeh Rud. Figure 2.2 shows 
that the Kuhrang drainage basin is located immediately to the ·west of 
t~e Zayandeh Rud watershed: springs and snow-melt are the principal 
sources of runoff (97). In 1956, Kuhrang I, comprising a 16m high 
diversion dam and a 2,EDJm long tunnel, was constructed and made 
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operational in order to augment the water supplies of the Zayandeh 
Rud. These trans basin inflow were therefore included in the above 
data sets. In 1977, 4km downstream of Kuhrang I, another diversion 
dam and tunnel were being constructed. This edifice -was designed to 
convey the spillage from the upstream diversion dam, estimated to be 
160mcu.m/yr. In 1977, there were plans for Kuhrang II to convey 
flow from the Marboran springs and from an additional transbasin 
diversion from the Pazooft basin, flow estimated to be 90 and 
150mcu.m, respectively. In the Eazooft basin, situated immediately 
to the west of the Kuhrang basin, springs and extensive snow-melt 
provide the main sources of run-off. In view of the recent 
withdrawal of Western expertise from Iran, such development now seeme 
unlikely. 
The Shah Abbas dam is a 100m high concrete dam situated in a 
confined section of the Zayandeh Rud valley, 110km west of Esfahan 
( ree Figure 2. 2) . The structure was completed in 1971 and it 
incorrorates three Francis turbines of 55MW (megawatt) total 
capacity. In 1977, however, the water provision of the dam far 
outweighed its power rotential in imrortance. The storage volune 
behind the dam was 1 , 250mcu .m of which 1 , 090mcu .m could be termed 
effective storage. However, the reservoir was slowly filling with 
sediment. Landslide, gully, rill and sheet erosion were affecting 
the watershed area. Half the watershed (2 ,067 square kilometres) was 
over 2 ,400m high and the erosion was intensive because of the steep, 
loose slopes. Erosion -was occurring on the other half of the 
watershed area (2,067 square kilometres) situated between 2 ,o::x)m and 
2,4-00m: imrroperly grazed old terraces and steep slopes, made even 
more vulnerable by dry farming, were susceptible to erosion. TWo 
million tonnes of sediment were being rroduced annually. On average, 
400 to 450 tonnes of sediment were washed into the reservoir each 
year. Below the Shah Abbas dam, 4km downstream, a small control dam 
14m high had been constructed which had a storage volume of 2mcu.m 
and an effective storage volune of 1.45mcu.m (98). 
The design of the Shah Abbas dam by the Sogreah Consulting 
Engineers was based, because of the brevity of the relevant discharge 
records, principally on 51 generated average annual inflows derived 
from the watershed of the Zayandeh Rud and Kuhrang I. These 
generated data were provided by the use of linear regression analysis 
conducted between the Pol-e-Zamankhan record and the long discharge 
record of the Ahw.az station on the Karun river (see Figure 2.19). 
The Pol-e-Zamankhan record (March 1956 to .March 1958) was adjusted to 
reflect no diversions from Kuhrang I (99). The regression equation 
Natural Zamankhan-Ahwaz Regression 
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used by the Sogreah Consulting Engineers was: 
Y = 4.5 + 0.345A 
where Y = Natural Pol-e-Zamankhan function ( cu.m/ s) 
and A = AhW<:iz discharge (cu.m/s). 
41 
In 1975, the Bureau of Water Planning, Tehran, generated similar data 
by conducting linear correlation and regression analyses for the same 
two stations. However, records relating to the 1332-1351 (March 1954 
to March 1973) reriod were utilised and these allowed the use of 
additional measurements from the Pol-e-Zamankhan station and from the 
Kuhrang I outlet. From these additional measurements, the actual 
Pol-e-Zamankhan record was adjusted more precisely and the natural 
flows at the station were estimated more accurately. The correlation 
coefficient was 0.74 and the regression equation was: 
Y = 8.16 + 0.245A 
Figure 2. 2D is a graphical comrarison of the "natural" 
Pol-e-Zamankhan records generated by the Sogreah Consulting Engineers 
and the Bureau of Water Planning. The two records disagree slightly 
because of the different periods of recording and different 
techniques used to generate the missing flows. 
The Pureau of Water Planning made further adjustments to the 
natural Pol-e-Zamankhan regression equation, formulated by the 
Sogreah Consulting Engineers, to reflect the natural inflows into the 
Shah Abbas dam reservoir and the maximum rossible diversions from 
Kuhrang I. The maximum rossible Kuhrang I diversions for the period 
of record from 1327-1345 (IVBrch 1949 to March 1%7) were comp1ted on 
the basis of reconstituted average annual flows of the river and the 
design conditions of the Kuhrang I facilities. The natural 
Pol-e-Zamankhan regression equation, adjusted to reflect the total 
inflow to the Shah Abbas dam, could be exrr-essed in the following 
terms: 
s = 242 + 1 . (]JY 
where S = Total inflow to the Shah Abbas dam reservoir 
(mcu.m/yr). 
The natural Pol-e-Zamankhan-Karun regression equation, develored by 
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the Sogreah Consulting Engineers, was then added algebraically to the 
regression function above to produce a representation of the total 
inflow into the Shah Abbas dam. The resultant regression function 
utilised by the Bureau in the generation of their 51 years of 
hydrologic records presented in Table 2.22 and Figure 2.20 was: 
S = 394 + 1 .17A 
The existing, committed and planned schemes of augmenting the 
Zayandeh Rud inflow, in terms of inflow excess probability, are 
represented by Figure 2.21. Inflow excess probability is a term 
pertaining to the temporal probability (normally expressed in 
percentage terms) of particular inflow volumes being exceeded. 
Figure 2. 21 illustrates the Zayandeh Rud watershed, the Zayandeh Rud 
and Kuhrang I and the Zayandeh Rud, Kuhrang I and Kuhrang II excess 
~robability equations developed by the Bureau of Water Planning. It 
utilised not only existing hydrologic records but also the generated 
data produced by the Sogreah Consulting Engineers. The Marboran and 
Bazooft functions were based entirely on the rough approximations of 
average annual flow determined from the available hydrologic records. 
It was assumed that these functions would have characteristics of 
excess probability similar to those of the Zayandeh Rud, Kuhrang I 
and II. Hence, the functions were placed parallel to each other 
(100). Figure 2.22, provided by the Bureau of Water Planning, 
reflects the reservoir release and associated flood spill exceedance 
~robabilities for two possible schemes of augmenting the reservoir 
inflow. The usable storage capacity of the reservoir was estimated 
to be approximately 1, 100mcu.m. Assuming an average annual inflow 
into the reservoir of 1 , 390 mcu.m/yr from the Zayandeh Rud, Kuhrang I 
and Kuhrang II, a minimum outflow of 1 ,040mcu.m/yr was evaluated and 
a "firm" outflow of 1,230mcu.m/yr could be expected 9CJfo of the time. 
The average annual flood spills associated with 90% release 
probability were estimated to be 130mcu.m/yr. Hence, the total 
average annual reservoir outflow that could be expected 9CJfo of the 
time was 1 ,360mcu.m/yr as indicated by Figure 2.22. Assuming an 
average annual inflow to the reservoir of 1,630mcu.m/yr from the 
Zayandeh Rud, Kuhrang I and II, Marboran and Bazooft sources, a 
minimum outflow of 1 , 230mcu .m/yr could be expected and a release of 
1 ,470mcu.m/yr was calculated for 9CJ% of the time. The average annual 
flood spill associated with the 90% release probability was 
determined as 135mcu.m/yr. Figure 2.22 indicated that the total 
average annual reservoir outflow that could be expected 9CJfo of the 
Table 2.22 
Inflow To Shah Abbas 
Reservoir 
-en 
w 
a: 
1-
w 
::::E 
u 
cc 
~:L ... j ··-··· 
8 ..... . 
7 .. . 
6 .... . 
5 .. 
4 ... 
3 ..... 
. . . . . . . «< . . ..... 
:J 
c 
--~-- . : : : : : 
:1630million cubic metres 
: 1480million cubic metres 
:::J 2 .... J ... 1390milli~n cubic metres_. . .. . . . . .. -12 
u 
z 
0 
...J 
...J 
::::E 
-
~ 
LL. 
z 
...J 
<( 
:::J 
z 
z 
<( 
w 
~ 
a: 
w 
~ 
1290million cubic metres 
---~--'\_:_; .....· ..... : . : .. :. : ..... _;, . 
: : . : . 
. · .... · .... -.... · .... :. ·--..:...:.· 
: : . 930 million .. _ 
· · cubic metres/year 
' . . . ~1 
...... .__Bazooft . _. · ·~9 ~Marboran ····· 
· ·~ uhrang II . 
Zayandeh.Ri.id+ 
··· Kuhrang r· ·· 
zayaneteh Ruc:t · 
watershed 4 ..... 
5 .... 1 ... : 
INFLOW TO SHAH ABBAS -
. .RESERVOIR . . 3 
\Lr:· 
8 ... . 
7 ... . 
6 ... 1 .... 
3 .. 
2 J • ·2 
1. . 1 
001 005 02 05 1 2 5 10 20 30 405060 70 80 90 95 98 99 99.8 99.9 99.99 
Figure 2.21 PROBABILITY(%) 
-(J) 
w 
a: 
1-
w 
::! 
() 
c:c 
::::> 
() 
z 
0 
..J 
..J 
::E 
-
~ 
..J 
LL 
z 
IV...... ,..., 
a_ 9 
8...... . ....... . .. a 
7 • ,; ... .... .. ........ 7 
6.. ' . . ... . .. 6 
5 5 
4. 
3 
2 
1 lr·· 
1. _, 
6 
5 
... ;. .. 4 
~ 4 
::::> 
z 
z 3 
<2: 
w 
~ 
<2: 2 ... 
a: 
w 
~ 
· OUTFLOW FROM SHAH ABBAS . I 13 
RESERVOIR 
.2 
1._. 1 
0.01 0.05 0.2 0.5 1 2 5 10 20 30 405060 70 80 90 95 98 99 99.8 99.9 99.99 
PROBABILITY(%) 
Figure 2.22 
43 
time was therefore 1, 605mcu.m/yr. It must be noted that Figure 2. 22 
does not reflect any forecasted change of runoff or inflow to the 
reservoir as a consequence of anticipated rrogrammes to imrrove the 
vegetation cover of the Zayandeh Rud watershed, nor does it reflect 
reservoir evaporation. 
A derendable supply from the reservoir was assumed to be the 90% 
p-obability release. Therefore, the dependable releases for the 
planned Shah Abbas dam augmentation schemes were the following: 
Zayandeh Rud, Kuhrang I and II = 1, 230mcu.m/yr 
Zayandeh Rud, Kuhrang I and II, Marboran and Eazooft 
= 1 ,470mcu.m/yr (101 ). 
~.8.1 Surface Water Quality 
~.8.21._ Introduction And Data Sources 
Before water quality can be objectively evaluated, the uses and 
intended uses of the water must be ascertained. In the Esfahan 
region, the quality of irrigation water was of paramount imrortance 
because hydro-agriculture was dominant both in terms of delivery 
requirement and consumrtion. If the irrigation of the area had been 
extended and rationalised in accordance with the plans existing in 
1m' then the quality of the water supplied by the Zayandeh Rud and 
within the irrigation system would have become increasingly critical. 
Such developnent would normally have resulted in the water acquiring 
new salts and toxic elements and greater concentrations of existing 
dissolved solids and microbiological rollution. The full 
imrlementation of such plans would have eventually led to the need 
for increased w.ater treatment because of this form of quality 
degradation and the subsequent reduction of ortions for the re-use of 
,the water ( 102). The data used in the analysis of surface water 
quality were obtained from unpublished docunents at the headquarters 
of the Esfahan Regional Water Authority. 
~. 8. 32 Measures Of Water Quality 
Water quality largely derends on the variable interrelationships 
between climate, soil and vegetation. A research team of Sogreah 
consultants and manbers of the Esfahan Regional Water Authority 
monitored two water quality parameters connected with irrigation. 
The evaluation of the salinity of the Zayandeh Rud water was based on 
. an electrical conductivity method; the results were exrTessed in 
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terms of milliequivalents per cubic metre (me/cu.m) at 25 deg. C. 
[*]. The second parameter was the quantity of sodium contained in 
the water. Soluble sodium can injure sensitive plants such as 
fruits. Sodium adsorption from water is a function of the proportion 
of sodium to divalent ions (calcium and magnesium) [**]. The sodium 
adsorption ratio (SAR) was employed by the research team to estimate 
the quantities of sodium adsorbed by soils when both were at 
equilbrium (103). The SAR tolerance limit of irrigation water is 
about 4 for sensitive fruit plants. For general crops, a SAR limit 
of 8 to 18 is generally considered within a usable range although 
this is also dependent on clay mineral type, electrolyte 
concentration and other variables. Quality estimations and discharge 
calculations were made simultaneously ( 1 04) • 
~-~-33 Water Quality Variations 
~-~·331 Transport Of Salt 
The water quality variations of the Zayandeh Rud were monitored at 
the following stations: Pol-e-Zamankhan, situated in the western 
highland area of the region downstream fran the Shah Abbas dam; 
Pol-e-Kalleh, situated on the upstream periphery of the irrigated 
area; Pol-e-Khadju in Fsfahan City on the upstream boundary of the 
lower irrigated area; Ziar situated in the centre of the Paraan 
¥lain; and Varzaneh, situated on the downstream boundary of all the 
irrigated areas (105). Table 2.23 shows the average seasonal 
variation of salt carried by the Zayandeh Rud. Measurements made 
during the winter of 1353 (1975), the spring, the summer and the 
autumn of 1354 ( 1 976) were employed in the computation of these 
averages. These clearly demonstrated that the water quality of the 
Zayandeh Rud deteriorated downstream. The river water at Varzaneh 
nas poorest and unsuitable for irrigation. The measurements 
indicated that the stations upstream had water of sufficient quality 
for irrigation. The electrical conductivities measured at these 
[ * 1 Milliequi valents (me) are used in comparing the saltiness of 
water because the value can be converted into equivalent 
concentrations of a particular salt, for example, sodium chloride and 
sodium sulphate, by the following relationship: 
1mg/l=me x valency 
molecular weight 
1mmho=1 
- x mho 
'1000 
mmho (millimho)=unit of conductivity 
r **l The equation used for calculating SAR values is given beneath 
Tab e 2.24. 
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stations were between 0.3me/cu.m and 0.7me/cu.m and the SAR values 
were between 0. 3 and 2. The increase of electrical conductivity 
downstream resulted from the mixing of Zayandeh Rud water ·with the 
sal tier water circulating in the fields or underground. The sal tier 
water was principally river water from upstream concentrated by 
evaporation ( 106). Measurements from the Pol-e-Kalleh station 
indicated that the water initially supplied to the irrigation system 
before mixing was of high quality. Table 2.23 show, however, that 
this water had a slightly higher salt content then the water at the 
Pol-e-Zamankhan station upstream. The water at the Pol-e-Kalleh 
station normally had a high calcium bicarbonate content of 3me/l. 
The other ions were detected in concentrations of less than 0.5 
me/1. The electrical conductivities of the water monitored between 
Pol-e-Kalleh and Ziar rose markedly downstream because of an increase 
of salts in solution. The calcium and bicarbonate ionic 
concentrations, increased only slightly to 3me/l or 4me/l whereas the 
other ionic concentrations, including chloride, sulPhate, sodium and 
magnesium, increased until these were in roughly similar quanti ties 
between 2 and 5 me/1 at Ziar. The very salty water (3 to 9 €/1) at 
Varzaneh was found to contain high levels of sodium chloride. Hence, 
within a distance of about 200km, the salt content of the Zayandeh 
Rud was found to increase; calcium bicarbonate was found to be 
predominant upstream whereas sodium chloride was more evident 
downstream (107). 
The discharge measurements made by the Sogreah consultants in 
1352 (1974) and 1353 (1975) were representative of the artificial 
river regime produced after the closing of the sluice gates at the 
bottom of the Shah Abbas dam (108). For the purroses of the 
following discussion, these measurements will be used in conjunction 
with quality evaluations from the Pol-e-Kalleh, Pol-e-Khadju and 
Varzaneh stations. Reference to Table 2.15 reveals that there were 
large discharges at Pol-e-Kalleh during the irrigation period, i.e., 
the first nine months of the Iranian year from Farvardin to Azar. 
The highest discharges of 48.9cu.m/s and 44.9cu.m/s in 1352 and 1353, 
respectively, were both in the months of Khordad (May 22nd to June 
21st). The average discharge throughout the 1352-1353 period was 
37 cu.m/ s. 
~.§. 332 Temporal Variations Of Salt Transport 
The salinity of the Zayandeh Rud did not vary markedly at the 
Pol-e-Kalleh or Pol-e-Khadju stations during 1352 and 1353 (March 
1973 to March 1975). The average salt contents at Pol-e-Kalleh and 
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Pol-e-Khadju were 220mg/l and 410mg/l, respectively. At the 
Pol-e-Kalleh station, seasonal variations were minimal but at the 
Pol-e-Khadju station, the salt content decreased slightly during 
winter. It is probable that this decrease was the result of high 
dilution caused not only by lower utilisation of irrigation waters 
~ut also by increased discharges from the Shah Abbas dam due to 
increased electrical power requirements (109). At Varzaneh, a period 
of high salinity was distinguished during the first eight months of 
the Iranian year (spring, summer and autumn). This salinity (7g/l to 
8g/l) was accompanied by low discharges (200 1/s to 300 1/s); hence 
it probably resulted not only from the effects of water draining from 
the saline Rudasht plain but also from the upstream diversion of the 
Zayandeh Rud water. The salinity levels of winter were appreciably 
lower (2g/l to 3g/l) and corresponded to greater river volumes 
(4cu.m/s to 15cu.m/s). Hence, these levels were probably due to the 
dilution of the saline drainage water by the Zayandeh Rud water 
originating from either the Shah Abbas dam or snow on the Rudasht 
,Plain. Further dilution occurred during Eahman, 1353 (January 21st 
to February 19th, 1975) when the salinity at Varzaneh dropped to 
1. 5g/l because of the power-producing discharges of the Shah Abbas 
dam. 
Further investigations by the research team revealed that the 
amount of salt in solution at Pol-e-Kalleh was directly proportional 
to the discharge of the Zayandeh Rud. The volumes of transported 
salt (8kg/s to 1 Okg/s) at Pol-e-Kalleh occurred during spring and 
summer and were almost twice as great as those in winter (4kg/s to 
5kg/s). At Pol-e-Khadju, the amounts of dissolved salts in the 
Zayandeh Rud were fairly constant throughout the year but were always 
less than those at Pol-e-Kalleh. This difference was attributed to 
the madi irrigation system [ *] which distributed Zayandeh Rud water 
, between Pol-e-Kalleh and Pol-e-Khadju. The accumulation of the salts 
beneath the underground systems of this area was evaluated to be 
between 4kg/s and 5kg/s during the irrigation season and negligible 
during winter. The remainder of the salt brought to Pol-e-Kalleh 
during the irrigation season was presumbably deposited downstream of 
Pol-e-Khadju in the Baraan and Rudasht plains because during this 
period, the Zayandeh Rud did not flow to Varzaneh. During the low 
water period at Varzaneh, the discharge of salt was between 2kg/s and 
3kg/s but in winter, discharges of 20kg/s to 30kg/s were measured. 
These high water values were probably related to the leaching of the 
[*l The origin of this system is discussed in Chapter Three, page 67, 
and its general and local features are discussed 1n detail m Cfiapter 
Five, pages 104-116. 
47 
fields of the Earaan and Rudasht plains (110). 
~· 8. 333 Quanti ties And Sources Of Zayandeh Rud Salts 
The following discussion focuses on the quantities and sources of the 
various salts transported by the Zayandeh Rud. It incorrorates 
information rrovided by the Sogreah Consulting Engineers, the Iureau 
of Water Planning and the Esfahan Regional Water Authority. The most 
important characteristic of this transportation process was that the 
nature of the salts upstream differed from those downstream. 
Reference to the above section reveals that bicarbonates were 
the most abundant salts monitored at the Pol-e-Kalleh station and the 
amount of bicarbonate increased downstream from 3me/l to 5me/l. This 
was a slight increase, especially when the endogenic rrorerties of 
the Zayandeh Rud were considered. large quanti ties of bicarbonate 
were transported by the Zayandeh Rud during the irrigation season 
upstream of Pol-e-Khadju and were evidently responsible for 
considerable gr.avel cementation in the irrigated area (111 ). 
The amount of chloride monitored at Pol-e-Kalleh was small and 
constant ( 15ng/l to 20ng/l). However, the chloride measured at 
Pol-e-Khadju (50~1 to 701!€/l) was normally three to four times 
greater than at Pol-e-Kalleh. The chloride levels at Pol-e-Khadju 
dropped during winter rrobably because less water returned to the 
Zayandeh Rud than in the irrigation season. The difference in 
chloride concentrations measured at the two stations showed that 
there was little chloride accumulation in the irrigated area and that 
there was also slight leaching. It was noted in the preceding 
section that sodium chloride was monitored at Varzaneh. Hence, there 
were variations in both the quantity of salts and the species of ion 
transported. The amounts of sodium chloride measured at Varzaneh 
indicated that leaching in the Earaan and Rudasht plains increased 
considerably during winter (112). 
Generally, the quantities of calcium were very similar to the 
quantities of bicarbonate carried by the Zayandeh Rud. At 
Pol-e-Kalleh and Pol-e-Khadju, recordings of 3me/l to 4me/l were made 
throughout the year. However, at Varzaneh, calcium was found to be 
much more abundant than bicarbonate. Moreover, considerably more 
calcium was recorded during the irrigation period than in winter. 
Simultaneous variations in the amounts of calcium and sulrhate 
indicated the leaching of gypsum from the soile downstream of 
Pol-e-Khadju. However, the amount of calcium transported by the 
Zayandeh Rud decreased eignificantly suggesting that deposition 
occurred on the irrigated plains. Between Pol-e-Kalleh and 
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Pol-e-Khadju, the reduction of transported calcium was between 1kg/s 
and 1 .5kg/s. This deposition was a consequence of the following 
chemical reaction: 
Deposition probably occurred in summer because of the increasing 
precipitation of carbonates in warmer water. The infiltrating water 
was found to be two or three times more abundant in bicarbonates than 
the irrigation water. The disappearance of both calcium and 
bicarbonate between Pol-e-Kalleh and Pol-e-Khadju was at a rate of 50 
to ?Ome/1 ( 113) • 
A similar relationship between sodium and chloride was also 
recognised. This indicated that there was a net accumulation of 
sodium in the irrigated plains (114). At Varzaneh, during the 
irrigation period, high sodium contents were measured (100me/l). 
However, the discharges of sodium were small because of the low water 
levels. Much larger quantities of sodium were monitored in winter 
and these probably originated from the leaching of the Baraan and 
Rudasht plains • 
.£. ~. 34 Summary 
The water at Pol-e-Kalleh was found to be almost perfectly 
homogenised and its chemical properties were found to be consistent 
throughout the year. The irrigation water provided by the Zayandeh 
Rud was generally of good quality despite the small increase of salts 
downstream. The influx of salt greatly exceeded the outflow to the 
desert and much salt accumulated in the soils of the region. During 
the irrigation period, calcium was deposited beneath the irrigated 
plains. The amounts of chloride, sodium and sulphate transported by 
the Zayandeh Rud were generally constant along its course and 
consequently salts which were dangerous to agriculture did not 
accumulate. 
The quality of the Zayandeh Rud water was also monitored between 
Mehr 1348 (23rd September to 22nd October 1969) and Shahrivar 1349 
(23rd August to 22nd September 1970) when the sluice gates of the 
Shah Abbas dam were not closed and the regime of the Zayandeh Rud had 
not been modified. The average monthly discharges at Pol-e-Zamankhan 
are given in Table 2.14. It can be seen that with the exception of 
the winter months, the discharges for 1348-1349 were generally lower 
than for 1352-1353. The average discharge of the river at 
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Pol-e-Kalleh was 23.9cu.m/s for 1348-1349 as opposed to 33.2cu.m/s 
for 1352-1353. Monitoring revealed that there was little change in 
salt transportation from 1348-1349 to 1352-1353. The amounts of 
sodium and chloride recorded at Pol-e-Kalleh were very similar. The 
variations of sulphate, calcium, carbonate and magnesium were also 
nearly identical (115). 
~._2 GROUND WATER RESOURCES 
2. 9. 1 Ground Water Quantity 
2. 9. 11 Data Sources 
---
The ground w.ater characteristics of the Esfahan region were not 
camrrehensively investigated until the Sogreah Consulting Engineers 
comrleted an extensive survey in 1974. The following discussion is 
based principally on interviews with several of these consultants and 
with reference to their maps and reports. Additional information was 
provided by officials of the Esfahan Regional Water Authority and the 
Bureau of Water Planning, Tehran [ *]. 
~-1·~ Aquifer Transmissivities 
In Section 2.5 of this chapter, the information concerning the 
aquifers of the area showed that the Esfahan region w.as underlain by 
a varied collection of sedimentary strata of varying grain size. 
This camJ}exity was manifest in the measurements made by the Sogreah 
Consultants Which revealed considerable horizontal and vertical 
variation in rermeability. They simrlified the situation by defining 
an average permeability for each borehole from which a set of 
vertical measurements was taken, although it was realised that these 
only described a fictitious, homogeneous aquifer. The discharges of 
the system were found by calculating the transmissivity of the 
aquifer, this being the product of the thickness and average 
permeability of the formation (116). 
Despite the oreration of pumrs at 84 drilling sites, a 
comrrehensive evaluation of the varying transmissivities beneath the 
Esfahan region proved to be impossible. Extrapolations based on 
geophysical measurements were used to broaden the scope of the 
evaulations to undrilled aquifer areas. The measurements were also 
adjusted in accordance with seasonal and longer term variations of 
aquifer water levels. Adjusiments were also made to reflect the 
transmissivities of the substrata not immediately adjacent to the 
[*]Ground w.ater exrloitation is examined in detail in Chapter 5. 
50 
drilling holes. The Zayandeh Rud gravels were found to be the most 
transmissive zones. The gravels derosited before the Quaternary 
period, al thoug.h thicker, had low tran3Ilissivities because of the 
presence of clays. The Zayandeh Rud gravels had transmissivities 
greater than 0. 1 cu.m/ s. The gravels beneath the Esfahan plain had 
unusually low transmissivities of between 0.004cu.m/s and 
0.006cu.m/s. The most transmissive gravels had rates of between 
0.3cu.m/s and 0.6cu.m/s and the highest were between Aleshgah and 
Esfahan. The tran3Ilissivities of the gravels of the Najafabad plain 
were between 0.003cu.m/s and 0.001 cu.m/s. In the very deep and 
unexploited aquifers of this plain and the plains further east, there 
were very low transmissivities of approximately 0.0001cu.m/s. 
Pumring YJa.S imrossible in the Rudasht plain because the substrata 
were imrermeable ( 117). 
~-9-Jl Aquifer Storage Coefficients 
The measurements derived from the rumping operations were utilised in 
the calculation of aquifer storage coefficients [ *]. The pumrs were 
in operation for between 30 and 50 hours and from the measurements on 
the aquifers in the Quaternary gravels, fairly accurate storage 
coefficients were evaluated. However, intercalated clays, silts and 
other materials impeded the storage estimations of the other 
fl,quifers. Initial pmtfings suggested that the storage capacities of 
these aquifers were limited but further rumpings gradually produced 
progressively increasing water releases from intercalated layers at 
greater depths. The storage estimations quoted below are, therefore, 
slightly higher than those calculated. Coefficients of 0.06 to 0.2 
were estimated for the aquifers of the Zayandeh Rud gravels. The 
highest coefficients were those for the area between Aleshgah and 
Esfahan and the lowest were for the borders of the gravel zones and 
the Earaan plain. Coefficients of 0.01 were evaluated for the 
Lenjan and Falvardjan plains. Coefficients of 0.005 to 0.07 were 
.evaluated for the aquifers consisting of materials derosi ted before 
the Quaternary period. The highest coefficients of 0.05 to 0.07 
related to the Eorkhar and Najafabad plains (118). 
~-~·11 Hydrostatic Pressures 
The drilling orerations also revealed that vertically, the 
hydrostatic pressures of the aquifers generally changed uniformly. 
Locally, the piezometric levels of the aquifers were therefore 
I*] A storage coefficient is the ratio of the volume of water 
de:rived from storagE? in a vertical column E?Xtending throvgh the. fuli 
thickness of the aguifer, to the corresponding volume of tfie aquifer, 
expressed as a dec1mal. 
N \ 
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approximately uniform 
hydroEtatic rressure 
Ghadjavalarestan, to 
irrespective of depth. However, non-uniform 
changes were observed in the area of 
the north-east of FBfahan, where the Zayandeh 
Rud aquifer gravels surrounding the Gavart mountains were situated 
above the deeJBr Eorkhar aquifer. Despite the thick layers of clay 
separating these two aquifers, exchanges were monitored. These were 
related to the seasonal variations of ground water exrloitation. In 
summer, when most pumring occurred, the piezometric levels of the 
shallower aquifers changed more than those of the deerer, less 
exrloitable aquifers. Down-ward exchanges occurred through disused 
wells and boreholes. In winter, pum ring decreased and equilibrium 
was re-established ( 11 9). 
~.9.~ Spatial Piezometric Variations 
2.9.151 General Variations 
----
In order to ascertain the general riezometry of the FBfahan region, 
the Sogreah Consulting Engineers utilised measurements made in over 
600 regularly spaced wells and boreholes in a two week period at the 
beginning of spring, 1974. They made two imrortant initial 
observations. The first was that between Nekuabad, on the upstream 
periphery of the region, and Eirsian, on the downstream periphery, 
the general riezometric level decreased from 1 '645m to 1 '520m at a 
gradient of 2%. The second was that the piezometric levels of the 
Zayandeh Rud aquifer were locally higher than those of the 
neighbouring aquifers and had piezometrically steeper lateral slopes. 
The other deductions made by the Sogreah Consulting :Engineers can be 
discussed in spatial terms, in the context of the plains of the 
region. 
~.~.152 Local Variations 
In the Ochian plain, the aquifer beneath the alluvium was recharged 
by infiltrating water from rice cultivation [ *] and the piezometric 
surface reflected the torography. To the south of the Zayandeh Rud, 
the ground w.ater flowed from the borders of the mountains beneath the 
rocky plain and converged in the vicinity of Mobarakeh where 
intensive pumring occurred. Between Pol-e-Kalleh and Varnamkhast, 
underlying Jurassic shale upstream and Cretaceous calcareous rocks 
downstream separated the ground water flow of the alluvial valley 
from those of the southern rlain ( 120). 
[*]Rice cultivation is examined in Chapter Six. 
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Figure 2. 23 shoYJS that ground Wctter WctS found immediately 
beneath the Ienjan plain: the piezometric levels strongly reflected 
the topography of the area. The association between piezometric 
levels and topography was particularly marked in the northern part of 
the plain. In the south-east, beneath the saline depression north of 
Deh Sorkh, the piezometry indicated that ground Wctter flowed from the 
Lenj an plain to the Mahyar plain ( 121 ) . 
High piezometric levels extended from Qal' eh Mir in the south to 
Homayounshahr in the north. This zone corresponded to the irrigation 
area bordering the Zayandeh Rud. To the east in the vicinity of 
Aleshgah, the materials underlying the aquifer were more permeable 
and there was a gradual decrease of piezometric levels as the ground 
water drained towards the river. To the west, the Morghab aquifer 
occupied a deep depression orientated north-south from Juzdan to 
Qal' eh Shahr. This aquifer had low piezometric levels. The paucity 
of water entering it from the south-east was due to a thin 
impermeable clay zone which separated it from the main Zayandeh Rud 
aquifer. The contributions of ground mter from the fVJOrghab valley 
were also insufficient, in terms of the quanti ties of Wctter PJIIlred 
from the aquifer, for the irrigation of the plain (122). 
The piezometric surfaces of the Esfahan plain reflected the 
ground water inflows from the irrigated area beside the Zayandeh Rud 
to the south and from the Murcheh Khort valley to the north. In the 
irrigated south-western part of the Esfahan plain, the piezometric 
levels were very high owing to the large recharges between Aleshgah 
and Esfahan. Ground Wctter flow in the north and central parts of the 
plain was orientated in a north-west/south-east directon. The 
average piezometric slope WctS approximately 2% and piezometric curves 
indicated the spreading of ground Wctter from the Murcheh Khort gap 
into the plain south of Aminabad. These two piezometrically 
dissimilar zones were separated by a large depression which had very 
low piezometric surfaces and stretched from Deh Now to 
Ghadjavalarestan (123). 
The piezometric surfaces of the Kararedj and Earaan plains 
displayed a familiar pattern; there was one zone of high levels 
beneath the cultivated parts of these plains and two bordering zones 
of low levels beneath the non-irrigated areas. Downstream of 
Esfahan, the surfaces of the aquifer gradually declined to the north 
and north-east because irrigation with surface water decreased and 
pumping increased. The piezometric slope WctS much greater beneath 
the Kararedj plain (3%) than beneath the Earaan plain (1%). The 
ground water flowed towards the low zones of these areas where 
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evaporation rates were high because of the presence of water 
immediately beneath the surface o Under the saline Margh depression 
in the south of the Kararedj rlain, there was a long riezometric 
derression orientated in an east-west direction towards which the 
underground flows converged. These flows originated from the lower 
reripheries of the Shah Kuh mountains to the south and the cultivated 
zones to the north. 
A detailed survey of the Rudasht plain was not undertaken. It 
was well known that the depth of the ground water beneath the rlain 
generally remained the same and that the piezometric surface 
corresponded closely with the torographical surface ( 124) o 
~-~-~ Temporal Piezometric Variations 
2.9.161 Forms Of Variation 
----
The section above only describes the piezometric situation existing 
at the beginning of the spring of 1976. However, temroral ground 
water variations were also examined with reference to the records of 
monthly measurements compiled by the Sogreah Consulting Engineers and 
the officials of the Fsfahan Regional Water Authority during 1 976 and 
the preceding ten year period. Three kinds of temroral riez:ometric 
variation could be identified. Seasonal variations were 
characterised by high piezometric levels at the beginning of spring, 
decreasing levels in summer and increasing levels in autumn and 
winter. Variations from year to year resulted from differing 
hydroclimatological conditions. For examrle, the piezometric levels 
were considerably higher in 1969 than those in 1970 because of marked 
rrecipitation variations. The long-term variations of the 
piezometric levels of the madi-irrigated areas were characterised by 
stability whereas those in the areas irrigated by pumred water tended 
to be receding. 
Seasonal fluctuations of small amrlitude, 1m to 3m, 
characterised the plains irrigated by the madi irrigation system. 
Although fluctuations related to rrecipi tat ion variations were small, 
the levels progressively rose after summer as infiltrating water 
recharged the aquifers. During summer, the extent of pumring was 
increased in order to supplement the water supplied by the Zayandeh 
Rud. Seasonal variations of more than 20m were often recorded where 
pumred wells were the only sources of irrigation water. These areas 
were all characterised by ground water over-exrloitation (125). 
The temroral riezometric variations of the Esfahan region will 
now be examined in spatial terms. Unfortunately, survey deficiencies 
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precluded the description of variations beneath the Ochian and 
Rudasht plains. 
2.9.162 Local Variations 
---
Four piezometers were located in the Ienjan plain. Three were in the 
irrigated ·zone and one was situated in the rumring zone. A 
piezometer at Rara (see Figure 2. 23) was in an area intensively 
irrigated by the madi system. Since pumring was limited, the water 
table at this location had remained remarkably stable. Although 
there were slight decreases in summer, seasonal variations were very 
small. Piezometers at Ahmadabad and Khansarak (see Figure 2. 23) 
were located in areas where pumping was more im:r:ortant. These 
recorded large seasonal fluctuations before 1351 (March 1972 to March 
1973) and snaller variations during 1352 and 1353 (March 1973 to 
March 1975). The Shah Abbas dam JTOduced this change by providing 
consistently large supplies of irrigation water from 1351 (March 1972 
to March 1973) onwardE. Conversely, diminished reliance on rumped 
irrigation water had been another general effect of the dam. 
However, in the Deh Sorkh vicinity in the south-eastern part of the 
Ienjan plain, only a small quantity of water was supplied by the dam 
and the madi irrigation system and the piezometric levels had 
continued to fall (126). 
The piezometric variations recorded in the Falvardjan flain were 
representative of those found in other zones irrigated by the madi 
system. During the last ten years of observation, the levels had 
remained approximately the same from year to year. Seasonal 
variations were small, being less than 2m in amrlitude between spring 
and autumn. 
Although there were many piezometers located on the Naj afabad 
plain, none was located in the area where intensive rumring occurred. 
However, piez.ometers near Homayounshahr, to the east of the Najafabad 
plain, indicated that pumring had an imrortant influence on the 
ground water table and Eeasonal fluctuations of over 20m were 
recorded ( 127). 
Three different areas of piezometric variation could be 
distinguished in the Esfahan plain. Between Aleshgah and Esfahan, 
the plain was irrigated by madis and the variations were identical to 
those in the Falvardjan plain. On the northern border of this zone, 
the pumred wells provided most of the irrigation w.ater. The spring 
and autumn levels differed by between 4m and 7m. However, after 1 970 
there was over-exploitation, a problem aggravated by the madis being 
so small that inflows sufficient for recharging were not possible. 
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The eastern part of the Esfahan plain north of Ghadjavalarestan 
was characterised by the same piezometric variations as the central 
areas of the plain. Both areas had very limited variations because 
of the distance of the smaller aquifer source from the pumping zone. 
Observations revealed that the level of ground water was gradually 
falling. This decrease was greater around Ghadjavalarestan than to 
the north around Babibabad (128). 
The piezometric variations recorded in the Kararedj plain 
revealed that this area, in common with the Falvardjan and Esfahan 
.plains, had a spatial pattern of temporal variations corresponding to 
the extent of irrigation. Seasonal variations were generally much 
greater where there was intensive pumping than in areas of mainly 
madi irrigation. Measurements taken in the Baraan plain also 
revealed a lack of long term variation but did indicate two kinds of 
seasonal fluctuation. In the Klodan area, minimal seasonal 
variations, normally of less than 1m, resulted from the abundance of 
madi irrigation water and the absence of severe pumping. A 
piezometer north-east of Dideran showed, that in this area, average 
seasonal variations were usually between 2m and 5m. During the 
winter, the madis supplied suf£icient water to leach the salts from 
the fields and to raise the water table to within a few centimetres 
of the surface. However, during summer, the madi water diminished 
and the water table dropped by 4m or 5m because of pumping ( 129) • 
There were several areas in the Fsfahan Region where there were 
or had been continual piezometric decreases. Between 1965 and 1974, 
the ground water levels in the vicinity of Deh Sorkh in the Lenjan 
plain progressively fell through intensive pumping. In an area 
extending from the Najafabad plain to the central area of the Fsfahan 
plain, the ground water levels had fallen, on average, by between 
1m/yr to 2.5m/yr. To the east of Esfahan, on the eastern and western 
sides of the large Gavart outlier, ground water levels had also 
fallen considerably (130). 
· 2.9.17 Water Table Levels 
---
Figure 2.23, which represents the depths of the ground water beneath 
the surface of the Esfahan region in the spring of 1974, shows that 
uhe zones of high ground water corresponded with the irrigation 
areas , with the exception of the area between Fsfahan and the Gavart 
outliers. Ground water was less than 2m deep beneath large areas of 
the Lenjan and Falvardjan plains. This frequently posed severe 
.t'roblems for agriculture and the areas between Khansarak and Lenjan 
and between Shirvedan, and Qal' eh Mir and Falvardjan were regularly 
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flooded. In the Earaan plain, the W'ater levels were high in spring 
but quickly decreased because of the onset of intensive irrigation 
during swnmer. Ground water W'aS very deep beneath the Najafabad and 
:ESfahan plains (20m to 50m) . Fast of Esfahan, north of Gavart, the 
water was at a depth of 3)m in 1 gn. Six years before, it had been 
6m beneath the surface (131 ). 
~. _2. ~ Summary 
There YoBre two principal reg:imes of underground flow in the Esfahan 
region. In the first, ground water levels were high and pm1pings 
were neither deep nor expensive. Within these zones, piezometric 
variations were minor, and the periods of pumping which complemented 
the provision of surface W'ater from the Zayandeh Rud were followed by 
adequate recharging. In the other, the aquifers were generally less 
t~ansmissive, quantities of irrigation water from the river were 
either small or non-existent and there was normally over-exploitation 
of ground water. 
~·..2·~ Ground Water Quality 
2.9.21 Data 
---
Data on the water quality variations of the Esfahan region were 
consul ted at the Esfahan Regional Water Authority in 1 CJ77. Some of 
these data originated from a survey undertaken by the Sogreah 
Consulting :Ehgineers and manbers of the :ESfahan Regional Water 
Authority in 1965. They conducted 1 , 220 analyses based on samples 
taken from wells, boreholes and qanats situated in the main irrigated 
area of the region. The ground W'ater of the central and northern 
areas of the Esfahan plain was not examined in detail. The most 
useful data were found to be those collected by the Sogreah 
Consulting :Ehgineers in 1 CJ74 and 1 CJ75. The ground water from about 
6,CJYJ wells was sampled and measured for electrical conductivity. By 
evaluating these measurements, representative samples were selected 
and 756 detailed chemical analyses carried out at the Esfahan 
Regional Water Authority laboratory. The water samples were 
collected over 12 months and from a short piezometric study during 
that time, the Sogreah Consulting :Ehgineers concluded that the 
chemical analyses of the W'ater samples would provide consistent 
results. 
Water sampling in certain qanats and wells was not a precise 
method of obtaining samples representative of the adjacent aquifers. 
Ground water mixing was frequently caused by water infiltrating into 
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qanats and through perforations in the metal tubes used to strengthen 
deep wells. The Sogreah Consulting Engineers appreciated the 
problems of samrling in deep wells and attemrted to understand ·water 
mixing in qanats by taking water samrles at different points along 
these tunnels. Electrical conductivity measurements were conducted 
on each of the selected water samrles but the contents of particular 
chemicals were not evaluated. Instead, the consultants limited their 
objectives to :rroducing maps of conductivity variations and 
conclusions concerning ionic concentrations. 
Figures 2.24, 2.23 and 2.26, whichdisplaythe principal 
ground water quality monitoring roints, local conductivity variations 
and SAR variations, respectively, were adapted from charts obtained 
at the Esfahan Regional Water Authority. 
2.9.22 General Variations 
---
Figure 2. 23 shoYE that in 1974 and 1975, the soft water .zones where 
conductivities were less than 2nmoo/ cu.m at 25 deg. C., 
corresponded mainly with the Naj afabad :rlain and the area of the 
Esfahan region irrigated with river water rrovided by the madi 
system. The salty water mnes where conductivities were between 
2mnoo/cu.m and 5mnm/cu.m at 23 deg. C., bordered either the soft 
water rones or were a consequence of the deerer ground water moving 
oouthwards from the Murcheh Khort valley to the north of the the 
Esfahan plain. Figure 2. 23 indicates that there were some areas 
which had very salty water of conductivity more than 5mnho/ cu.m at 
23 deg. C. This degraded ground water was either a manifestation of 
saline soil conditions or accumulations of salt coming from upstream 
areas. These two :rhenomena were frequently related and roor quality 
ground water was widespread to the east of Esfahan, particularly in 
the Rudasht plain. Figure 2. 23 aloo shows that there was a gradual 
increase of salinity downstream through the Esfahan region as far as 
Ziar. The conductivity pattern shows considerable increases of 
ground water salinity away from the areas irrigated by the Zayandeh 
Rud and that salinity normally increased with depth (with the 
exception of the area to the north of Esfahan region). 
~-~-23 Local Variations 
~-2-231 Ochian Region And lenjan Plain 
In the southern rart of the Ochian region, near the Osin range, the 
underground water was of better quality than that of the area 
I 
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bordering the river where pumring was imrortant. Table 2.24 €ives 
the results of the chemical analyses undertaken on the water of a 
qanat samrled in the southern area and of the rum ring zone: sodium 
and rulfhate were imrortant constituents but chloride quantities were 
limited. Table 2.24 shows that at a borehole near the Nekuabad 
barrage, the deer water of the aquifer there had higher contents of 
salts (132). The lenjan rlain had the most extensive area of soft 
ground water in the Esfahan region. In 1974 and 1975, more than half 
of this plain had wellE containing water with conductivities of less 
than 1 rrmro/ cu .m at 25 deg. C. The soft water was situated in 
shallow gravel derosi ts and resulted from the infiltration of madi 
irrigation water. Table 2.25 €ives the results of the chemical 
analyses of soft water samrled immediately downstream of Nekuabad 
and, for comyarison, the ground water immediately upstream and 
downstream of this zone. At the Faraniesh borehole there was little 
vertical variation of ground water quality between the surface and a 
derth of 50m. This reflected the homogeneity of the gravel and clay 
sediments derosi ted by the Zayandeh Rud in this area. Although the 
water samrles taken from depths of 50m to 1OOm at Faraniesh were not 
fundamentally different from those taken from shallower depths, it 
was generally found that in the areas of the lenjan rlain with soft 
ground water, the quanti ties of bicarbonate and calcium increased 
with depth. This was probably due to infiltration. Tables 2.26 and 
2.27 present the analytical results of the water samrles collected 
in the central and northern rarts of the lenjan region, respectively. 
There was no noticeable change in the conductivity or chemical 
rrofiles of this water. The cause of the slight magnesium increase 
was unknown. 
Table 2.28 shows that in the small area between Tad and 
Oshtorjan, there was very salty ground water. A borehole near Gavnun 
showed that the ground water between Tad and Oshtorjan was being 
contaminated by saline water originating from the nearby highland 
areas. Figure 2.25 and T.able 2.29 show that there was saline water 
in the pum:red wells around the village of Deh Sorkh in the 
south-eastern corner of the lenjan rlain. This water was produced by 
the mixing of soft water, which had flowed considerable distances 
from the madi supply zone, and infusions of saline water from the 
adjacent Shah Kuh mountains. This water was unsuitable for 
irrigation because of its high conductivities and SAR readings (see 
Figure 2. 26 ) ( 1 33 ) . 
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~·2·232 Falvardjan And Najafabad Plains 
Figures 2.25 and 2.26 show that the madi-irrigated area situated in 
both the Falvardjan and Najafabad rlains was characterised by high 
quality ground water. 
by the Zayandeh Rud. 
This area was underlain by gravels derosited 
Table 2.30 includes the results of the 
analyses carried out on the soft underground water samrled from the 
shallow wells on the left bank of the Zayandeh Rud immediately 
downstream of Falvardjan. The concentrations of the different ions 
were approximately equal save for calcium. Analyses conducted on the 
quality of irrigation water supplied to the area suggested that 
calcium rrecipitation probably resulted in the lower contents of 
calcium and bicarbonate in the ground water than in the irrigation 
water. Evapotranspiration probably caused the higher concentrations 
of other ions in the water. Similar investigations revealed that the 
concentration of calcium and other chemicals increased more gradually 
with depth in the wells near the right bank of the Zayandeh Rud. 
This disparity was probably caused by the greater volumes of 
irrigation water this area received. Despite consistent conductivity 
measurements, the quality of the ground water tended to deteriorate 
away from the Zayandeh Rud. Salinity increases were related to the 
evaporation of ground water immediately beneath the surface. At 
Shirvedan, the quantities of magnesium, sodium, chloride and sulrhate 
were roughly equal, varying between 5me/l and 9me/l. 
The distinctive chemical rrofiles of the soft water of the 
aquifer beneath the Najafabad rlain were markedly different from 
those of the Zayandeh Rud gravels to the east. Sodium and sulrhate 
were the most plentiful ions but there was remarkably little 
chloride. The ratios of chloride to sulrhate and calcium to sodium 
were generally between 0. 5 and 0. 75. Samrles taken at depths of 
between 120m and 120m in boreholes located in the western part of the 
madi-irrigated zone and in the centre of the Najafabad rlain, where 
intensive pumring occurred, did not reveal any marked disparities. 
In a small depression near Qadherijan, sodium and sulrhate were 
dominant in roor quality ground water. Table 2. 31 shows that the 
salty, shallow ground water at Qal' eh Mir had a high chloride 
content. 
Tables 2. 32 and 2. 33 €ive the results of the chemical analyses 
undertaken on the water samrles obtained from the northern and 
eastern mountain border zones of the Najafabad and Falvardjan plains, 
respectively. This water was generally saltier than the ground water 
found elsewhere beneath these plains. The ground water of the 
Morghab valley to the west of Naj afabad was soft and was similar to 
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that beneath the centre of the plain. To the west of Najafabad, the 
ground water of the mountain border was very different because it 
contained r~entiful chloride and sodium and little magnesium and 
calcium. To the west of Ashgarabad, the ground Wctter ·was 
particularly salty. The chemical profiles of the water between 
Kahriz Sang and Tiranchi indicated that it was a mixture of salty 
water from near Ashgarabad and the softer ground Wctter of the 
Zayandeh Rud gravels to the east. Salty, sulphated ground Wctter was 
present near the eastern borders of the Falvardjan plain ·with the 
Shah Kuh mountains. In the south of this area, sodium was the 
dominant ion but to the north of Yazdabad, the ground water contained 
more sulphate and all the cations were present in roughly similar 
quanti ties ( 134). 
~·~-233 Esfahan Plain 
The ground Wctter quality variations of the Fsfahan plain were 
associated with the aquifer of the Zayandeh Rud gravels to the south 
and the deeper aquifer of the gravels stretching down from the 
Murcheh Khort valley to the north. In the Zayandeh Rud gravels, 
there were three zones of varying ground water quality (see Table 
2.34). The underground water was softest in the madi-irrigated zone 
around the Zayandeh Rud south of a line between Homayounshahr and 
Ghadjavalarestan. The wells and boreholes near the Zayandeh Rud 
contained the best quality ground YJater. At Dom reh, it res em bled the 
ground Wctter of Falvardjan but in the madi-irrigated zone bordering 
Esfahan, the ground Wctter was more contaminated. At Dastjerd, to the 
south-west of Fsfahan, the gromd water was similar in comrosition to 
that around Yazdabad on the eastern border of the Falvardjan :rlain 
because large amomts of sulJhate indicated infusions of poor quality 
water from the Shah Kuh mountains. In general, however, the ground 
water found within the Zayandeh Rud gravels in the south-western rart 
of the Esfahan plain was of poorer quality than the ground water in 
similar deposits in the Falvardjan and lenjan plains. A band of 
land, 1km wide, was identified bordering the northern perimeter of 
the madi-irrigated area. This area was characterized by its steep 
piezometric gradients, poor quality ground water and numerous pumrs 
exploiting the ground water flows from the madi-irrigated fields to 
the south. The repeated re-use of the water for irrigation, the lack 
of aquifer recharge and the prevailing. riezometric conditions had 
reduced both the flow and quality of the ground YJater. Another zone 
was identified to the north, 1km aWcty from the last of the irrigated 
fields. There, the Wctter tables were 10m to 15m deeper and the 
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ground water was too salty for agricultural use. 
In the underlying deep aquifer of the central and eastern rarts 
of the Esfahan plain in 1974, ground water mixing made samrling 
difficult but it was found everywhere that the water was slighl ty 
salty. The ground water normally contained about 10me/l of sodium 
and chloride and less consistent, smaller quantities of sulphate and 
magnesium were also detected. At Mobammadabad, 10km east of Gavart, 
the limit of the soft aquifer water was identified and Table 2. 35 
shows that one water samrle from there gave an electrical 
conductivity measurement of 16nmro/cu.m at 25 deg. C. (135). 
2. 9. 234 Plains To The Fast Of Esfahan 
---- ------------
The soft ground water zone of the Kararedj rlain was fairly 
homogeneous but in the Iaraan plain, soft underground water was only 
found in long narrow strips. These strips corresponded closely with 
the course of the Zayandeh Rud and the principal madi channels 
emanating from it. In both the Earaan and Kararedj rlains, soft 
ground water was confined to the gravels deposited by the river. 
locally, howver, salty water was discovered within these materials. 
In the southern area of the Baraan plain, there were small areas of 
salty water within areas of much softer water. The saline water was 
generally associated with villages with limited access to Zayandeh 
Rud water. In the northern :rart of the Earaan p_ain, there was an 
~rea of saline ground water which was situated near villages which 
had lesser rights to Zayandeh Rud water than those to the north and 
south. To the north of the main irrigated area of the Earaan rlain, 
agriculture was based on rumrs exploiting the underground flows of 
water originating from the madi zones to the south. The piezometric 
and salinity conditions in this area were similar to those to the 
north of the madi irrigated zone in the Esfahan plain. 
Tables 2. 36, 2. '57 and 2. ~ show that the softer water sampled 
in the Kararedj and Earaan plains was similar to that examined in the 
Esfahan plain. At Dashti, a borehole yielded water which contained 
small quantities of calcium and bicarbonate and greater amounts of 
chloride and sodium. Water from a well at Dashti contained plentiful 
sodium and chloride and, although this water was soft, it had been 
contaminated by saline water from the Margh depression. Conductivity 
i~creases of 2nmro/cu.m to 5nmlx>/cu.m within distances of 1km or 
less occurred beyond the boundaries of the soft water zones. 
Table 2.39 shows that in 1974, the underground water sampled in 
the Margh depression was generally extremely salty. In some 
,localities, the water sam:rles gave conductivity measurements as high 
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as 25rrmho/cu.m at 25 deg. C. Limited quantities of soft water were 
located in the southern area of the Margh depression but its source 
was not precisely determined. large amounts of sulfhate, sodium and 
chloride were present in the water samJ]_es taken from the centre of 
the area. The saline water extended as far east of Kabutarabad where 
it was separated from the Zayandeh Rud by a band of soft water. The 
very high salt content resulted both from the gypsum and salt 
deposits of the surrounding yellow clays and from accumulating 
drainage water from elsewhere in the Kararedj ylain. A surface 
gypsum layer was developing at Kabjan as the drainage water 
repeatedly spread and evaporated. 
In 1 g-{7, the M:l.rgh depression was being reclaimed for arable and 
rastoral farming. The quality of the underground water was enhanced 
considerably by imyroved drainage, applications of good quality 
surface water from an irrigation channel connected to the river, 
careful monitoring of pumped water and salt leaching yrocedures. 
Husbandry problems, ho\0/ever, arose from sudden infusions of very 
saline water into the underground water beneath. 
The drainage water of the Baraan J]_ain collected in a large 
depression in the south-eastern p:i.rt of the area. Figure 2. 25 shows 
that the saline ground water of this area extended westwards towards 
Kabutarabad. The saltiest water of the depression was in the 
south-east where the underground flow was blocked by yellow clays 
stretching oouthwards from the course of the Zayandeh Rud. 
Evaporation increased the concentrations of salt contained in this 
water. Table 2. 40 shows that the ground water of the depression 
contained large amounts of chloride, sulJbate and oodium. The 
underground water of the alluvial fans to the south of the depression 
was less salty than that beneath the plain. Some of this water was 
transported by qanats to the area south of Ziar. The Hajiabad ganat, 
ho\0/ever, contained slighl ty salty water with a predominance of 
chloride, sulyhate and oodium chloride. This was almost identical to 
the salty ground water of the centre of the plain. 
The northern periphery of the Paraan plain formed a collecting 
area for the underground flow converging from upstream, ground water 
flowing from rarts of the Iaraan plain to the south and residual 
flo-ws from the shallow and deep aquifers of the Isfahan plain. The 
ground water accumulating in the northern part of the Iaraan plain 
was dispensed for irrigation by means of pumped wells. The ground 
water from this area flowed downstream until it was blocked by yellow 
clays situated beneath the border of the Baraan and Rudasht plains. 
The water table there was very near the surface and intense 
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evaporation had resulted in the formation of salty crusts and brines 
which were locally exrloited. In the saline depression between the 
Baraan plain and the fans leading down from the Kohrud mountains to 
the north-east, the underground water generally gave conductivity 
measurements greater than 10mnro/cu.m at 25 deg. C. At Aminabad, 
to the east of the largest of the two Gavart outliers, water eamrles 
were taken at depths of between 200m and 300m in a borehole. The 
water gave conductivity readings over 4nmro/ cu.m at 25 deg. C. and 
contained large quanti ties of ch~oride. 
Despite the roor quality of the ground water beneath the Rudasht 
plain, this water was frequently used for irrigation when there was 
insufficient river water available. Crop yields were frequently 
reduced catastrorhically because of applications of such degraded 
water. One hundred and ninety-six rum red wells near the left bank of 
the Zayandeh Rud were studied: 39 of these wells yielded relatively 
soft water giving conductivities less than 3nmho/cu.m at 25 deg. 
C.; 67 wells contained salty water which gave conductivity 
measurements between 3nmro/cu.m and 7nmro/cu.m at 25 deg. C.; 43 
wells contained very salty water which gave conductivities between 
7nmro/ cu.m and 12nmro/ cu.m at 25 deg. C.; and 48 wells contained 
extremely salty water giving conductivity measurements of over 
12rrmro/ cu .m at 25 deg. C. and even 18mnho/ cu .m at 25 deg. C. 
The wells with sofest water were those situated near madis or ronds 
used for storing surface water. These rarticular wells were all 
I 
situated in the upstream area of the Rudasht plain. 
After utilisation, extremely salty ground water in the Rudasht 
plain was either directed into the desert to the east of the area or 
into drainage channels leading back into the river. Ground water 
giving conductivities of over 1 OOnmro/ cu.m was samrled in some of 
t~ese drainage channels. Tables 2.41 and 2.42 present the results 
of the chemical analyses undertaken on water samrJ_es taken at various 
locations in the upstream and downstream rarts of the Rudasht plain. 
The chemical comrosition of this water was dominated by exceptionally 
large amounts of chloride and sodium ( 1 OOme/1 to 200me/l) and lesser 
quanti ties of calcium, magnesium and sulrhate. The bicarbonate 
content of this water was roughly similar to the soft water upstream 
(2me/l). The SAR values for this water ranged from 5 to 25 
indicating that, in general, it was unsuitable for irrigation 
pur roses. 
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2.10 CONCIDSIONS 
The main }Dints of the preceding analysis are as follo"WS: 
1. The environmental features of the Fsfahan region make it distinct 
from the surrounding Zagros, Osin, Shah Kuh and Kohrud mountain areas 
and the Central desert to the east. 
2. The geological developnent of the Fsfahan region has been 
comrlex. The deposits of the Mesozoic era are predominant. The 
region is comparatively devoid of faults. 
3. The geomorrhological features are largely products of the 
Quaternary and recent deposition p-ocesses associated with the 
Zayandeh Rud and the surrounding mountain areas. The gravels 
derosited by the river constitute the best aquifers of the region. 
4. Although Sierozem and Calcareous Litho sols are present, Alluvial 
roils dominate the pedology of the area. Saline-Alluvial and 
Solonchak soils are extensive in the contact areas between the 
riverine and the mountain deposition 
generally attemrted to enhance soil 
process systems. 
fertility. The 
Man has 
natural 
vegetation cover has largely been destroyed by charcoal-making, fuel 
collecting and intensive grazing. 
5. The climatic variations of the Esfahan region are associated with 
the relief of the area. Precipitation is generally greatest in high 
areas: the largest prorortion is everywhere received during the 
winter months of December, January and February. Temreratures are 
normally highest in the areas of comparatively low relief: June, July 
and August are normally the hottest months. Evaporation has not been 
rigorously monitored. 
6. The Zayandeh Rud is the principal oource of surface and ground 
water. The YJater of the river has been augmented by tunnels at 
Kuhrang and its regime has been modified by the Shah Abbas dam. 
Surface water quantity and quality decrease downstream. Ground water 
is generally abundant in the areas bordering the Zayandeh Rud. Wide 
piezometric variations and falling water tables are found in the 
other zones. The ground water of highest quality is found in the 
Najafabad plain and in the riverine-irrigated areas of the region. 
The contact areas and the eastern parts largely contain poor quality 
ground YJater. 
7. The spatial and temroral variations of the environmental 
relationships provide a wide range of environments of differing 
opportunity. The most amenable are those of the Cchian, Ienjan and 
Falvardjan plains, which generally consist of extensive, gently 
undulating expanses of fertile Alluvial soils and have abundant good 
quality surface and ground water. The Najafabad rlain is 
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environmentally less favourable because of its lack of surface water. 
Apart from areas of riverine irrigation, the Esfahan rlain and the 
:plains to the east of Esfahan generally have limited supplies of good 
quality surface and ground water; experience low precipitation and 
high temperatures and rates of evaporation; and contain extensive 
areas of Saline-Alluvial and Solonchak soils. 
8. Some data pertaining to the environmental characteristics of the 
region are either inconsistent, out-of-date or incomrlete. The 
present political troubles of Iran will rerhaps curtail, for the time 
being, more thorough monitoring in the area. 
The relationships between Man and the environmental features of the 
Esfahan region are traced in the following chapter and are related 
subsequently to the geographical ratterns of the area. 
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CRAFTER THREE 
HISTORICAL DEVELOIM:ENT 
3.1 INTRODUCTION 
The following analysis of the historical development of land and 
water use in the Esfahan region is based on two assumytions: 
(1 )The close association of land use and water use ratterns in the 
hydro-agricultural system since settlement first began (the natural 
aridity of the Esfahan region prohibiting any significant rainfed 
cultivation). 
(2)The continuing strong relationship between agricultural 
rroductivity and rural rorulation density. Historical evidence of 
the changes in water use, land use or roJUlation changes, 
respectively, can therefore be represented in terms of changes of the 
other two variables. The following historical circumstances which 
have l~atl to the contemrorary patterns of hydro-agriculture (Chapters 
5 and 6) are discussed in this chapter: 
(1 )creation of the madi network; 
(2)early land use and water use development; 
(3 )water shortage of the seventeenth century; 
(4 )decline of the hydro-agricultural system in the eighteenth and 
nineteenth centuries; and 
(5 )regeneration of the hydro-agricultural system in the twentieth 
century. 
Little is known of the early development of the Esfahan region. 
Archaeological evidence has been largely destroyed there, perhaps by 
cultivation. The first sites of irrigated agriculture and settlement 
were probably the river banks of the western rlains (see Figure 2.6) 
where the soils were most fertile and the climate and water supplies 
the best in the Esfahan region. The flat or gently undulating lands 
pordering the Zayandeh Rud were suitable for the excavation of small 
irrigation channels to direct water from the river to cultivation 
plots. The extension of hydro-agriculture on either side of the 
Zayandeh Rud may have been limited by the practical rroblems of 
excavating channels of sufficient capacity to serve more outlying 
areas. Irrigation rrobably spread, therefore, eastwards along the 
course of the Zayandeh Rud. In this subsistence economy, pastoral as 
\ 
well as arable farming would have been significant, the livestock 
probably being grazed on fallow land and on unirrigated areas outside 
the cultivated -zone. As the irrigated area was small, the overall 
supply of water from the Zayandeh Rud would normally have been quite 
67 
adequate. 
3. 2 MADI NETWOOK 
-- --
Channels, known as "madis", are still in use for distributirl€ -water 
from the Zayandeh Rud. Their gradients from the course of the river 
are extremely small and correspond to the topography of the irrigated 
areas. In Chapter 5, the madi network is investigated in detail. It 
is thought that the term "madi" may have originated from the 
Zoroastrian period of Persian history when it -was derived from the 
Medes who conquered Assyria at the Iattle of Nineveh in 612 B.C. 
( 1 ) • 
llie madi network could have been created to augment the existirl€ 
irrigation supply system as immigrants, from the less productive 
areas around the Esfahan region, moved into the area and started 
fanning. Another reason could have been the need to grow more food 
for the rising population. There is evidence to suggest that during 
the Archaemenian period, 64-0-323 B.C. (2), a city called Gabal or 
Gavi existed to the west of the present site of Esfahan (3). Its 
administration, perhaps Median, could have provided the investment 
and man-rower required for establishing the madi network. The advent 
of qanat technology, moreover, could have contributed at this stage 
to the stablity of the agricultural economy of the area and 
consequently to the provision of the capital and man-rower to create 
the network. On the other hand, this technology may have been 
instrumental in promoting the increase in :rorulation and consequently 
the evolution of a powerful administration (4). However, little firm 
evidence exists to qualify the broad character of these statements. 
The mcdern system of qanats is discussed in Chapter 5. 
L·] EARLY LAND USE AND WATER USE DEVELOFIDNT 
The rural areas of the Esfahan region are seldom mentioned in early 
historical and medieval accounts, but there is evidence that the 
early develoyrnent of the city was much influenced by the increasing 
comrlexity and extent of land and water use. The increase of the 
urban poyulation could not have occurred without corresponding 
increases of rural food eurrluses. Although communications and trade 
contributed to Esfahan 1 s develoyrnent, the region 1 s need for a 
reliable source of irrigation water -was vital (5). Many travellers 
to the city estimated its poPQlation, but the authenticity of both 
the figures themselves and the methods used to obtain them is in 
doubt. 
Little is known about the develoyrnent of the city or its 
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surrounding hydro-agricultural area until the tenth century A.D. ~ 
then Jay was established as an urban community and consisted of two 
serarate quarters, Yahuddiyeh (Jewish city) and Shahristan (township 
or city), and was an imrortant commercial centre exrorting cotton and 
silks (6). In the Persian work "Hudud-al-Alam", the anonymous author 
described Esfahan as being "a great town consisting of two 
rarts ..... between them is a distance of half a farsang [about 2 
miles]. It is a flourishing town much favoured by nature. It has a 
river called the Zahn Rud [Golden River]; it is now known as the 
Zayandeh Rud [Life-eiving River] which is utilised in its fields" 
(7). The renaming of the river rerhaps indicates how crucial these 
waters were considered to be to the very existence of this physically 
divided but essentially united city. 
The two exranding rarts of the city were later enclosed and in 
1052 A.D. the celebrated traveller Nasir-i-Khusrau visited the city 
(8). His descriptions of Esfahan are of a large and flourishing town 
with well-developed and lucrative trading businesses. Its general 
prosperity, highlighted by impressive buildings and fortifications, 
reflected a healthy regional economy. The general ratterns of land 
and water use surrounding the city resembled those defined by the 
madi network over 15 centuries before. Irrigated agriculture was 
probably more intensive and widespread to satisfy the food 
requirements of the exranding urban and rural rorulations. The 
irrigation water supply and distribution had been imrroved by qanats, 
wells and extra secondary and tertiary channels from the madis. It 
is likely that comrrehensive measures to allocate water fairly to 
newly created rural settlements were in force. Pigeon towers, the 
sources of guano manure, were numerous. The effects of disasters, 
such as unusually low volunes of Zayandeh Rud water or sieges and 
attacks on the city, were probably overcome by the comrrehensive 
infrastructure of the hydro-agricultural gystem and the traditional 
skills of the landowners and farmers. Ibn Iattuta visited Esfahan in 
1330 after it had been seriously damaged by religious wars. The 
rural areas around the ruined city were still rroductive and 
prosperous (g). The regional economy must have been resilient to 
military attacks since the prosperity of the city had recovered only 
50 years afterwards. In 1386, Tamerlane and his :rvbngol hordes 
devastated and looted the city, slaughtered its inhabitants and 
created a pile of 70,000 skulls, a macabre (but possibly exaggerated) 
reflection of the size of the city's popliation. The city again 
.recovered and it seems, therefore, that the rural communities, which 
were probably left unscathed by these attacks and crises, must have 
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contributed to the city's revival (10). 
3. 4 WATER SHORTAGE OF THE SEVENTEENTH CENTURY 
Although water shortages, caused either by unusually low levels of 
the Zayandeh Rud or over-ambitious croning rrogrammes, were 
undoubtedly frequent events, the first valid rerorts were those of 
travellers who visited the region in the seventeenth century. 
One particular water crisis was apparently caused by the 
.dramatic increase of poflllation as Esfahan was transformed from a 
provincial capital to one of the finest and largest cities in the 
world. Shah Abbas, who was proclaimed ruler in 1587, made Esfahan 
the political focus of Persia in the spring of the following year, 
recognizing that Qazvin and the earlier capital, Tabriz, were exrosed 
to Turkish attack ( 11 ) . other factors, which may have influenced his 
decision, could have been the city's importance as a centre of trade 
and its productive, agricultural hinterland (12). The rorulation of 
the city must have risen considerably as specialists from Italy, 
India and even China were invited to augment the skills of local 
architects and craftsmen in its glorification. other immigrants 
included me:nbers of the new bureaucracy and army, and merchants from 
China, Turkey, Central Asia and Europe (13). The rorulation of the 
city increased still further in 1609 when Shah Abbas forcibly 
transferred large numbers of Armenians to his new capital ( 14). 
The sudden increase of the city's population, which intensified 
the de:nand for agricultural rroduce, probably caused steep price 
rises and even shortages. local farmers, capitalizing on the 
situation, invested in new qanats, wells and irrigation channels to 
extend and intensify irrigation. Shah Abbas, perhaps in response to 
the .high prices or shortages of food or demands by farmers for more 
irrigation ·water, attem rted to supplement the flows of the Zayandeh 
Rud by hiring thousands of labourers to cut a channel to tap the 
headwaters of the Karun river, west of the source of the Zayandeh Rud 
in the Zagros mountains. The lack of sui table excavation technology 
and the onset of the harsh winter conditions of the Zagros mountains 
prevented the comrletion of the scheme (15) and it was not until 
1953, when the Kuhrang I tunnel was finished (see Section 2.8.24), 
that such a project was successfully comrleted. later in his reign 
Shah Abbas may have turned his attention to the landowners' 
comrlaints of growing injustices in water allocation. The 
. reorganisation which followed -was fully documented in a COJY of the 
original scheme entitled "Tomar of Shaykh Eaha al-Din Ameli". The 
Tomar scheme is discussed in detail in Chapter 5. More food rrobably 
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became available eventually as new qanats and wells provided the 
water necessary for greater irrigation, as the imrlementation of the 
Tomar rationalised water allocation and as OIJX)rtunist bazaar 
entrepreneurs imrorted food fran outside the region. The water 
shortage was indicative of a strong relationship of mutual benefit 
oetween the city of Esfahan and its rural hinterland. 
3.5 HYDRO-AGRICULTURAL DECLINE 
Many accounts written by travellers to Esfahan mention sieges and 
attacks on the city. The Afghan siege of 1722 was unusual because it 
preceded the marked decline of the region's hydro-agricultural 
system. Whereas before, sudden reductions of the urban ropulation 
had not seriously affected the rural areas, the decline of Esfahan's 
popliation seemed to have had similar rerercussions on the population 
of its surrounding agricultural areas. The Afghans may have attacked 
the inhabitants of both the rural and the urban areas. The 
hydro-agricultural developments, stimulated by the increase of the 
dty' s pop;lation during the reign of Shah Abbas, may have made the 
rural areas far more derendent on Esfahan than they were before. 
In 1722, the weakness of the state, the incomretence of the 
Persian leadership and the strength of the invading armies ensured 
the eventual success of the Afghan siege on Esfahan. The fear of 
overthrow, the incarceration of royal children in the harem and the 
sovereignty of consequently ill-rrepared and ignorant youths exrlain 
the decline of the rower of state after 1629 (16). Shah Hossein, the 
ruler at the time of the Afghan siege, was typical of a harem 
upbringing in his ignorance, credulity and superstitions (17). Soon 
after the siege started, the heavy cannons of a fortress, abandoned 
by the Persian monarch and his advisers, were used against them by 
the Afghans (18). The supplies of food were badly organised and soon 
oecame horelessly inadequate. The starving ropulace first ate their 
animals and then proceeded to cannibalism ( 19). When the intense and 
ceneral famine finally reached the Royal Palace, the Shah acted 
decisively for the first time. He abdicated and surrendered (20). 
Lockhart suggests that in Esfahan during the siege, "not more 
than 20,000 were killed by enemy action, but at least four times that 
number died from restilence and starvation" (21 ) • According to the 
rerort of Sir Robert Porter, who vividly decribed the aftermath of 
the siege, the destruction of the city was accomranied by a serious 
decline in its rural areas. He wrote that "the streets are 
tVerywhere in ruin, the bazaars silent and abandoned, the 
caravanserais equally foresaken, its thousand villages hardly now 
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counting two hundred" (22). 
As the urban and rural populations diminished, the capital and 
labour needed for the upkeep of qanats, irrigation channels and wells 
were no longer available. Without adequate irrigation, the marginal 
cultivated lands would have reverted to infertile, saline wastes. 
After the siege, the depressed state of Esfahan and its 
agricultural hinterland continued for at least another century. The 
population of the city was further reduced by the massacres and 
famines that characterised the short Afghan rule (23). The 
deterioration of Esfahan and its agricultural hinterland was 
undoubtedly hastened by Nadir Shah who, after ascending the throne in 
1736, made .Mashad his capital. Nadir Shah made little attemrt to 
restore the city but furthered its decline by persecuting the 
Armenian community (24). According to Irown, in the early nineteenth 
century many of the villages surrounding the city had disappeared and 
"of others, only a few miserable huts remained and only enough 
cultivation to serve the very much reduced needs of the city" (25). 
l_.~ HYDRO-AGRICULTURAL REGENERATION 
The rural population rrobably began to increase in the last three 
decades of the nineteenth century when, under the governorship of 
Zil-es-su.l tan, the city became a centre for European investment and 
trade (26). Although Irown believed that "the city remained at the 
turn of the [twentieth] century, still remarkable mainly for its 
ruins" (27), it is possible that the extent and intensity of 
cultivation were increasing as the urban population and consequent 
food danand were rising. As the numbers of populated rural 
settlements began to increase, more and more irrigation channels, 
qanats and wells may have been repaired or re-excavated to supply and 
distribute greater quantities of irrigation water. 
As Reza Shah's economic and secular reforms for the urban areas 
of the country took effect in Fsfahan, irrigated agriculture was 
progressively regenerated. The population of the city started to 
increase rapidly as EBfahan became one of the most important 
industrial centres in Iran. Between 1920 and 1935, 6 large textile 
factories, equipped with modern machinery and powered by electricity, 
were built. Tourism was encouraged, banks and telegraph offices were 
opened, schools were established and the city became the centre of 
the region's new administration. In order to meet the increasing 
iJ 
danands of food by Esfahan, the intensity and extent of irrigated 
agriculture approached those levels existing in the reign of Shah 
Abbas in the sixteenth century. 
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3. 7 CONClliSIONS 
It is evident from the preceding discussion that little information 
exists on hydro-agricultural developments before the reign of Shah 
Abbas (1587-1629), and that a strong relationship of mutual benefit 
has continued between Esfahan and its surrounding hydro-agricultural 
system. In summary it can be stated that: 
(1 )Initial irrigation developments were concentrated on the river 
banks of the Zayandeh Rud in the western part of the region. 
(2 )Madi channels and qanats formed the main comronents of the 
hydraulic infrastructure for more than 2 'm years. 
(3)Although during the early historical and medieval reriods no major 
irrigation develorments were initiated, the hydro-agricultural system 
was strong enough to support the repeated recovery of Esfahan after 
sieges and attacks. 
(4)The Afghan siege of 1722 drastically reduced land and water use. 
Increases in Esfahan's poruJation in the late nineteenth century and 
in the twentieth century stimulated hydro-agricultural regeneration. 
The following chapters are concerned with the contemrorary 
patterns of land use and water use in the Esfahan region. 
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CRAFTER FOUR 
DATA AND ANALYSIS 
Thjs chapter discusses the sources, location 9 attributes and analysis 
of data relevant to the contEIDrorary land and water use patterns of 
the Esfahan region. 
4. 1 DATA SOURCES 
4.1.1 Selection 
The data sources selected were of particular relevance to the 
examination of the following three aspects 
_!_.Water resource ·.usage 
The water resources of this area were exrloited according to their 
availabilty and quality, two factors which in turn were influenced by 
other erNirornnental features. The spatial and tanroral ratterns of 
water ·use affected the patterns, productivity and problans of the 
agriculture; were subjected to certain legislative/ religious 
influences; and reflected historical and recent developments. 
_£.Agriculture 
The agricultural patterns of the region were indicative not only of 
· water use variations but reflected a multi tude of sociological, 
political and economic factore including: the knowledge, exrerience 
and expertise of individual farmers; goverrnnent policy; the labour 
force; mechanisation; investment; profit; and land ownership. Some 
agricultural development was endangered by expanding roJ:Ulations and 
industries increasingly competing for the water available. 
l·Porulation and Industry 
The types of agricultural activity and productivity in rural 
localities of the Fsfahan region, which were governed by the 
resources available, had considerable bearing on the densities of 
:roJ:ulation. The rapid growth of urban centres and the influx of 
.Large-ecale industries were a double threat to the supply of water 
for agriculture. The recent po[Ulation trends were profoundly 
influenced by the promotion of industries in the Esfahan region. 
4.1.2 Fieldwork 
Initial fieldwork undertaken in the Esfahan region in 1 CJ77 showed 
that geographical ratterns of water use, agriculture, pofUlation and 
industry were of prime concern in elucidating Man/Environment 
relationships. Subsequent fieldwork in the area centred on examining 
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local characteristice of water use; agricultural methods; crorping 
and rroductivity; industrial develo:rment; and the socio-econanic 
features of the area'e rural and'urban settlements. The task became 
progressively more rewarding as a greater canmand of Farsi was 
ac~Jired. The visual observations and memorable conversations with 
numerous fannere and local officials proved to be a valuable, 
although uncertain, fonn of infonnation gathering. 
1·1·2 Agencies In The Esfahan Region 
The headquarters of the Esfahan Regional Water Authority was one of 
the most imrortant sources of data. The references to documents and 
maps, and the interviews and trips with officials working in the 
Esfahan region yielded considerable infonnation relating to water use 
(rarticularly legislation and water management) and agricultural, 
popliation, and industrial ratterns. Several of the officials 
offered useful suggestions concerning local fieldwork and exrlained 
the region's agricultural and economic systems. 
The Sogreah Consulting Engineers, emrloyed by the Esfahan 
Regional Water Authority, provided details of the environment of the 
region; statistics and other data concerning the qanats, wells, 
irrigation systems, the Tomar, land ownership, cooperative 
membership, marketing systeme, and local agricultural rroduction; and 
estimates and forecasts of porulation, agricultural and industrial 
exransion and water requirements. Members of this agency helred to 
identifY other data sources and commented on the validity and 
accuracy of certain infonnation. 
The University of ESfahan rrovided a base from which to conduct 
fieldwork in 1 CJ77. Some of the students proved knowledgeable guides 
in local fieldwork. Their families exrlained local practices and 
problems of water use, arable fanning and livestock husbandry. 
Visits to their homes provided an insight into the domestic life of 
these rural reorle. 
An illustrated lecture and guided tour of the Arya Mehr steel 
works were provided by the Russian officiale of the National Iranian 
steel Corroration. 
1·1·1 Agencies In Tehran 
Although the American and Iranian personnel of the Iureau of Water 
Planning were collating and analysing official water resource data, 
Lhis department of the Ministry of Energy proved to be a 
uisappointing oource of data. Documents translated fran Persian on 
agricultural, domestic and industrial water use estimates and 
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prognoses were consulted there, however. 
The two most imrortant data sets obtained were derived fran the 
Iranian Statistical Organisation, a department of the Plan and Eudget 
Organisation in Tehran. The first, the Agricultural Survey ( 1 ) , was 
ccrnrleted in the spring of 1974 and the second was volume 7 of the 
1966 Village Gazetteer series (2). Another department of the Plan 
and Eudget Organisation, 
collected by a World 
systens of :EBfahan. 
the Water Section, provided information 
Eank team on the water supply and sanitation 
The Iranian Ministry of Agriculture in Tehran kept limited data 
concerning the Esfahan region but granted access to the confidential 
1976 National Cropping Plan kept at their Eritish Consultants, 
Bookers Agricultural and Technical Services I,imited. This series of 
documents provided considerable information on the growing 
requirements of crops, present and rotential yields, national and 
regional productivity, and marketing. The consultants' maps also 
proved a valuable source of reference. 
4. 2 DATA ATTRIBUTES 
4. 2.1 Positive Attributes 
Both the 1966 Village Gazetteer and 1974 Agricultural Survey data 
sets contained numerical informe.tion relevant to the study of the 
human geography of the :EBfahan region. The 1974 Agricultural Survey 
included statistics pertaining to the number of households, the 
,social and econcrnic facilities, the cropping areas, the livestock and 
the methods of water supply at more than 900 survey points in the 
:EBfahan region. The 1966 Village Gazetteer data set provided 
supplementary infonnation and a basis of ccrnrarison with the 1974 
Agricultural Survey data set. It included data not only on the 
hectarages devoted to predcrninant crors, population and household 
uistributions, 
range of rural 
published and 
and livestock ownership but also on the area's wide 
facilities and industries. other statistics and both 
'unpublished infonnation provided additional detail on 
specific and general i tens. This suprorting information was doubly 
valuable in presenting a different perspective on certain phencrnena. 
It -was essential to select Iranian information either of known 
accuracy or approved by competent authorities such as the Eureau of 
Water Planning, the Sogreah Consulting Engineers and the Esfahan 
Regional Water Authority. Inconsistent information was rejected. 
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1·~·~ Negative Attributes 
In 1 gn, ma:nbers of the Iranian statistical Organisation re:r:orted 
that of the statistics given in the 1 CJ74 Agricultural Survey, the 
only estimated ones were for livestock and households. These 
officiale did infer, however, that the region had been surveyed 
thoroughly. Although interval scales of measurement were used mainly 
in enumerating the characteristics, they could not be comparatively 
studied because of the a:n:rloyment of a nominal measura:nent scale in 
1966. A nominal measura:nent scale had also been applied in studying 
fruit and vegetable crors. The Sogreah Consulting Engineers ad vised 
that the agricultural and :ropulation statistics gathered in 1966 were 
generally underestimated and should be used with caution. As the 
rerorts issued by the Sogreah Consulting :Ehgineers were intended, to 
some extent' to rublicize the hydrcr-agricul tural developnent of the 
Esfahan region, the material was treated with some caution. 
Generally sreaking, however, any bias that they showed in favour of 
proerective projects was balanced by their regard for the practical 
problems involved. 
Certain material apposite to the investigation was incom:rlete, 
non-existent or unobtainable including an up-tcr-date land use survey 
and the data concerning: local variations in productivity; the use of 
mechanisation, for example, in agriculture; the application of 
agricultural cha:nicals (for exam:rle, soil-conditioners, fertilisers, 
weed-killers and insecticides); marketing s.ystems and services; the 
cost of water for irrigation and industrial use; water use in 
industries other than the iron and steel :rlants; and rural to urban 
migration and the occasional consequences of desertification (i.e., 
the abandoning of villages). Although the Village Gazetteer of 1966 
and the Agricultural Survey of 1 CJ74 were of undisputed value for the 
years concerned and for general conditions, no parallel data existed 
for years other than these. Such variations as cro:rping areas in a 
particular year were imrossible to define accurately therefore. 
i·l DATA ORGANISATION 
Apart fran the 1966 Village Gazetteer[*] and the 1CJ74 Agricultural 
Survey information[**], the data were in the main well-organised and 
relatively easy to interpret. 
The checking, editing and tabulating of the Village Gazetteer 
and Agricultural Survey data sets were facilitated by the em:rloyment 
of camruter techniques (3). Data points, classified in the 1966 
[*]The main corpus of the 1966 data~although presented in Persian, 
listed beneath both Pere1an and ~glish var1able headipgs. 
**] The data from the 1 CJ74 Agricul turhl Survey were translated fran 
reian into English and cheeRed by Dr • H. Bahrenbegyui . 
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Village Gazetteer according to the Sharestan and Dehestan 
administrative boundaries within the ostan of Esfahan, were located 
on a map set accanranying this information. Since the areas 
bordering the delimited boundaries of the study region were sparsely 
populated and little was known of their environmental 
characteristics, only data points located within the main irrigated 
area and its highland :reripheries were selected for analysis. The 
names and census data associated with the 900 data points were 
transferred into the NUMAC [ *] canruter system (an IBM 370/168 
running ·under the Michigan Terminal System) (4). During the tabular 
to digital conversion, the data were carefully validated (5). 
Initial ccmrarisons of the survey data showed that many data points 
eovered by the Census of 1966 were not included in the 1974 Survey 
and vice versa. Many of the 1974 data points could not be located as 
accurately as those of 1966: maps relevant to the 1974 Survey had not 
been produced by the Iranian statistical Organisation in 1977. Those 
741 data points ccmmon to both 1966 and 1974 surveys were therefore 
extracted, the 1966 data were then re-edited and the relevant 1974 
data manipulated and jointly stored in associated canruter files. 
4.4 DATA ANALYSIS 
4. 4. 1 Cartographic Analysis 
i·i·ll Preparation 
In order to analyse the spatial aspects of the data derived fran the 
1966 Village Gazetteer and the 1974 Agricultural Survey, 
well-established camruter techniques were adorted to represent the 
popllation, water use and agricultural ratterns graphically in the 
form of thematic maps. The advantages of ccmruter techniques over 
\_;onventional methods were speed, uniformity, facility for immediate 
aata manipulation and cartographic exrerimentation, and more reliable 
processing control (6). To rrovide a base-map on which the data 
points could be plotted, the locations of the villages and the 
boundaries of the irrigated, urban and highland areas were digitised 
to provide a series of co-ordinates. In this way it was possible to 
reproduce the base-map many times. Attemrts to form a large scale 
map of the Esfahan region, by ccmbining the map sheets representing 
the Shahrestan divisions which acccmranied the 1966 census, revealed 
a problem of edge matching across adjacent sheets. Consequently, a 
somewhat ill-defined graticule of longitude and latitude co-ordinates 
[*] Northumbrian Universities Multiple Access Comruter. 
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was anrloyed which formed a successful basis for canriling the large 
scale map: its accuracy was checked against a 1973 1:250,CX::O map (7) 
and the results were visually satisfactory. The 741 data points were 
given numeric keys which were superimrosed on the bas~map. These 
points were traced onto a transparent overlay placed on the map. In 
order to transpose the boundaries of the urban areas, the irrigated 
areas and the highland areas fran the 1:250,CX::O map to the overlay, 
the overlay was photographically reduced to the required ecale. 
Distortion, which is normally inherent with this method, appeared 
negligible jtdging fran the straightness of the axes of the overlay 
produced. The detailed overlay was then enlarged rhotographically to 
the 1: 100,CX::O scale of the original bas~map. Figure 4.1 dericts 
the grid square systan emrloyed and the locations and numeric keys of 
the 741 data points. In Appendix III the names, numeric identifere 
and co-ordinates associated with each of these points are listed. 
The varicms features were digitised. The mapping rackage SYMAP (8) 
was emrloyed to check the outlines for correctness during these 
manual digitising stages. 
4. 4.JR Grid :?quare IVRpping 
The MAIMAT [*] suite of canruter rrograms was used for the mapping of 
the 1966 and 1974 data because it facilitated the rlotting of this 
information in the form of shaded squares. Grid square mapping, a 
technique 'which has been used successfully for the display of the 
1971 British Census data (9), was chosen in rreference to chororleth, 
isorleth and roint symbol mapping eince it circumvented the inherent 
problems of these techniques ( 1 0). Chororleth maps based on the 
aggregate values of large areas would have obscured localised 
variation (11 ). Indeed, the only precisely defined "Zones that could 
have been used for such cartography, the region's administrative 
divisions, would have constituted an unsuitable framework for the 
,study of the region's Man/Environment relationships. The production 
vf chororleth maps for canraring the 1966 and 1 974 data sets would 
have been difficult not only because of the alterations of these 
divisions during this period but also because a map showing the new 
boundaries had not yet been rroduced. Isorleth maps would have been 
over-generalised and fairly restrictive in terms of data display. 
Chororleth and isorleth mapping can obscure the distribution of the 
data points upon which the statistics are based: the interrolation 
that forme part of these techniques means that areas without data 
points can appear as contributing to mapped variation (12). 
f *] The MAFMAT suite of canruter :rrogJ:amS was develored by Dr. D. W. 
:ffinnd at the Department of Geography, -university of DUrham in 1975. 
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Conversely, point symbol maps, illustrating the data values of each 
of the 7 41 data points, would have imrarted insufficient 
generalisation (13). The concentrations of data points near the 
Zayandeh Rud would have made informative point symbol maps difficult 
to design; large numbers of merging symbols would have hindered 
interpretation. 
In order to emrloy the MAFMAT package, a program was developed 
to convert the digitised values, fran a SYMAP to a IVJAIMAT input 
format; to create a grid, based on the Cartesian co-ordinate system 
originally used for digitising; to canbine the data point 
co-ordinates with the data; to calculate the aggregate data point 
statistics for each census variable in each grid square; and to 
rrovide unformatted output sui table for MA!MAT. The 1 an grid rattern 
selected was based on the Cartesian co-ordinate system originally 
used for digitising because it provided squares of suitable size. 
The squares were equivalent to 1 x 1km on the ground at the 1: 100,CXX) 
scale. Much larger grid squares would have imraired the display of 
localised variation. The utilisation of MA.FMAT shading within 
snaller·unitswould have exceeded the incremental capabilities of the 
plotter [ *]. The original grid system also facilitated the 
examination of the aggregate value of a particular rlotted grid 
square with reference to the individual values of the data points 
within that square. The use of a grid system based on co-ordinates 
which differed fran those defining the locations of the data points 
would have been imrractical. In view of the need to rroduce 
uncluttered maps, reflecting the distribution of the data points 
contributing to mapped variation, the program was designed to 
suppress the plotting of those grid squares without data points and 
with zero data values. The shading infills of the grid squares were 
organised in terms of data classes of either equivalent or 
geanetrically equivalent range. Initially, these classes were 
uetermined fran the minimun and maximun data values. Subsequently, 
different sets of shading classes were derived so that particular 
spatial variations of agriculture, poJ:ulation and water use could be 
illustrated and subsequently examined. MAFMAT pennits the inclusion 
of 'dummy classes' (i.e., classes with no data) in order to enhance 
differentiation of the shading ratterns plotted within the grid 
squares. 
[*] The plotter emrloyed was a CIL Economist 2. 
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.1·1·Jl. Point Symbol Mapping 
A program \\laS devised to map those 1966 data presented in "rresence" 
or "absence" form ( 14). This program rrovided one rlot file 
consisting of two maps, one map of those villages which had 
contributed to a recorded census value and the other one of those 
which had not. :Each plot file included the digitised information and 
legends and titles. The data points were represented by means of 
point symbols. Although the accuracy of plotting increased with the 
size of symbols used, the large symbols tended to merge in areas 
having concentrations of data points. EVentually, a square-shaped 
symbol, which had to be generated fran several can:ronent symbols, was 
develored. 
4.4.~ Statistical Analysis 
A variety of statistical analyses was emrloyed to supplement the 
graphic :rortrayal of the Survey and Census data. These techniques 
were utilised not only to describe the data but to verify ideas and 
hypotheses formulated on the basis of the cartographic results. The 
MIDAS [ *] canruter statistical rackage was utilised because of its 
simrle interactive capabilities, good documentation and range of 
suitable techniques (15). Moreover, its use for data exrloration was 
effective since the data could be exanined in their existing format 
and all the variables labelled for·unique referencing (16). With the 
exception of the dichotanous 1966 variables, each of the demographic, 
water ·use and agricultural variables was summarised and described 
statistically. The mean and extreme values for each of the sui table 
data sets were found (17). The variability of each data set could be 
determined with the MIDAS package by the camrutation of kurtosis and 
skewness coefficients ( 18). The software also provided histograms, 
with a range of scales and intervals, to illustrate the variability 
of each data set ( 1 9). Owing to the highly and :rosi tively skewed 
nature (i.e. , a distribution dominated by a high frequency of 
relatively enall data values) of almost all the data sets, a 
non-rarametric test was chosen to exrlore the relationships between 
the variables. A correlation matrix of Speannan' s rank order 
coefficients was produced by MIDAS (20). Additionally, it was a 
simrle operation to evaluate the number of data points without 
particular census characteristics within the interactive software 
(21 ). With regard to the approximate boundaries utilised by the 
Sogreah Consulting Engineers, the Survey data set was sub-divided in 
terms of the locations of the data points in the various plains of 
[ *] Michigan Interactive Data Analysis System 
81 
the Esfahan region (22). Although the differing numbers of data 
points in each sub-area restricted the analyses to the derivation of 
mcment statistics and missing values, they proved valuable in the 
further investigation of the agricultural, water use and demographic 
variations of the Esfahan region. 
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CRAFTER FIVE 
WATER SUPPLY PATTERNS 
5. 1 INTRODUCTION 
This chapter comrrises four sections. The first is concerned with 
the legislation, government and independent organisations influencing 
the managenent and ·use of water in the :EBfahan region in 1 CJ77. The 
second and third :rarts of this chapter are devoted to an analysis of 
the spatial variations associated with ground water extraction. The 
final section deals with the patterns of surface water use that were 
being transformed in 1 CJ77 by the creation of a new hydraulic 
infrastructure. 
5. 2 LEGISlATIVE AND GOVERNMENTAL INFlUENCES 
5.2.1 Situation In 1CJ77 
The Iranian · water law of 18th July 1968, the Iranian Water Iaw and 
the Manner of Water Nationalisation, declared that the water 
resources of Iran were to be held in rublic ownership as part of the 
national · wealth. This law was intended generally to end the 
traditional system of water rights, based :rrimarily on riparian water 
law doctrine, and replace it with a system of rights based on water 
·use permits for the pur:roses of beneficial and reasonable use of 
these resources (1 ). Although the Water Iaw of 1968 instituted these 
changes in law and in :r;rinciple, it did not produce such changes in 
.1eality. The nationalisation of the country' E water resources began 
ouring the Fourth National Developnent Plan ( 1 968-1971 ) (2) but even 
by the end of the Fifth National Developnent Plan ( 1 972-1 977) (4), 
the objective was to include only 15% of the utilisable water 
;.1esources in the new systen. According to the lureau of Water 
Planning, "changing legal systems is difficult and must be carried 
out with great care; therefore this process is necessarily slow and 
in the interim there will be a mixture of water law" (5). The 
traditional systen of water rights, the Tomar, that was being 
observed in the Esfahan region in 1 gn, contained the principal 
elements of the Customary Iaw and the Civil Code (6) . 
.2·~·~ Moslem Customary Iaw 
The MoElem Customary Iaw was principally derived from the basic 
statanent by the prorhet f.'bhammed that "the land belongs to a man who 
. brings it to life". In general, such life could not be realised 
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without bringing water to the land and because Moslem law was 
primarily the law of arid areas in which surface w.ater was scarce, it 
\a.aS largely a detailed body of :rules concerning ground water. Wells 
and systans of qanats have been emrloyed for centuries in the Esfahan 
1-egion and elsewhere in Iran to obtain ground w.ater. In 1 CJ77, four 
sets of general rules concerning w.ater ownership were being observed 
in accordance with IVbslem Custcmary Iaw in the Esfahan region. It 
\a.aS generally agreed that water fran springs, water fran abandoned 
wells and rain water belonged to the public. Rain water and spring 
water flowing in a canal which traversed several holdings belonged to 
the land owners in r.rorortion to the size of their holdings. The 
presence of water, secured by sinking a well on a person' s land or on 
vacant land, conferred on the well-driller the ownership of both the 
well and the water. Water found and transported by means of either 
canals or qanats was regarded as the prorerty of the rerson 
transporting it (7). 
The IVbslem Customary Law contained three basic rrinciples 
pertaining to the rights to,use water. This law specified that the 
first-earner was entitled to draw from the supply the amount required 
for his needs and that this person had rriori ty over all-caners. The 
second rrinciple was that whenever the water rrovided by the Zayandeh 
Rud was insufficient, the water should be used in turn, beginning 
with the furthest upstream owner. This owner -was not bound to let 
the v.•ater flow fran his lands to lande further downstream until the 
irrigation of his own land had been camrleted, even if this were to 
the detriment of the crors of the other owners. The third such 
principle was that a person digging a well for tanrorary use had 
priority of use over any other rerson as long as the well remained in 
his possession. Mohammed decreed that there should be a protected 
area, or harim, around the wells and other oources of water, 
J_ndicating that he understood that a concentration of wells could 
lead to the lowering of water tables to the detriment of all. 
According to the Esfahan Regional Water Authority, there were also 
aetailed rules for the construction and use of qanats which regulated 
the distances between older secondary galleries and new ones so that 
new construction did not affect the yield of established qanats (8). 
2·~·} Civil Code 
Articles of the Civil Code regarding water supplement as well as 
certain regulations retained fran the IVbslem Custanary law were being 
observed in the Isfahan region in 1977. The first basic rrinciple of 
the Civil Code pertaining to water ownership stated that no rerson 
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could became the owner of prorerty that -was not privately owned nor 
to which the community had rights of use. The second and third 
:rrinciples specified that the ownership of land can:rrised everything 
above or below the surface to any height or depth unless limited by 
law and that free -water obtained through the construction of a canal 
belongEd to the owner of the canal. The fourth detennined that any 
rerson constructing a canal, qanat, or well or ex rasing a spring on 
his own or vacant land should became the owner of the water; in the 
case of vacant land, there must have been an intent to acquire the 
prorerty. 
The first basic :rrinciple of the Civil Code regarding the right 
to ·use water was that the first upstream irrigator had rriority over 
the next downstream irrigator and if there were not enough -water for 
two owners of land on opposite sides of the river, disputes should be 
settled either by the parties concerned drawing lots or by dividing 
the water in rrorortion to the amount of land each had to irrigate. 
The third and fourth principles of the Civil Code specified that if 
any person held, on a house or a piece of land belonging to others, 
an ancient right of way or waterway, the servant owner could not 
prevent the dominant owner from exercising such a right and if any 
person held a right to the use of the water course belonging to 
·uthers, the owner should not deviate the natural flow of the water to 
prevent the·user from exercising his right (g) . 
.2:~·1. Tomar 
2·~·~ Objectives 
The Tomar, a schene of -water rights, was created specifically for the 
ownership and the use of Zayandeh Rud water in the Esfahan region and 
was still being observEd in 1m. The traditional story relating to 
the introduction of the Tomar was that Shah Abbas anrloyed Sheikh 
Baha in response to the camrlaints of small land owners that the 
..~.arge land owners were withdrawing an unfair :rrorortion of the 
available irrigation water. However, it is possible that the Tomar 
was originally comriled before Sheikh Iaha's lifetime. 
Alternatively, he may have become associated with the Tomar because 
of his responsibility for water sharing in the reign of Shah Abbas 
and because of his rerutation as a man of learning, skilled in 
wathenatics and science. Yet again, he may have revised an already 
. existing schene ( 10). 
The Tomar regulations were principally concerned with the 
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changing regjme of the Zayandeh Rud. Since the water discharges were 
greatest between January and May, when cultivation was minimal, 
supply was more than adequate. However, between June and December, 
and rarticularly during the autumn months when the volumes of water 
were insufficient to meet all demandE, the Tomar controls were 
stringently applied. Particular imyortance was attached to the 
accessibility of the land area to the river. Since abundant water 
was naturally available to those farms and villages west of Fsfahan, 
only a simrle irrigation system had develored. To the east of the 
city, on the other hand, a much more comylex network of madis and 
secondary irrigation channels had been required to rrovide sufficient 
water of acceptable quality. Hence, the Tomar system was designed to 
minimise the inequalities of time, place and rlentitude . 
.2_.~.42 Azad, Mokhtass And 1\'bshlarek 
The river water was distributed within defined areas of the Esfahan 
region (see Figure 5.1) in accordance with three different rules: 
azad, mokhtass and moshlarek. During the 195 day reriod between 
November 22nd and June 5th, the azad rule applied and the river water 
was divided into 33 parts. According to Eeaunont, these 33 primary 
parts were further subdivided "into 276 secondary shares associated 
with the major irrigation canals or madis and into 3,105 tertiary 
shares at the village level "( 11 ) . The primary shares were 
distributed thrcmgmut the region as follows: Ochian 6 parts, lenj an 
4 parts, Marbin 4 parts, Jay 6 parts. By this azad ruling, farmers 
could water their cereal crors and anend any serious deficiencies of 
irrigation water. This arrangement underlined the abundance of 
Zayandeh Rud water in the winter months. For 1 5 days after June 5th, 
the mokhtass rule was observed, t:Pe madi entrances in the western 
districts were closed, and the water of the Zayandeh Rud was directed 
towards the Kararedj, Baraan and Rudasht districts. The river water 
was divided into 15 parts, Kararedj, Jay and Earaan receiving 3 each 
and Rudasht receiving 6, thus rermitting the final irrigation of 
cereal crors in the districts east of Fsfahan. The original reasons 
for the selection of June 5th as the day of dividing the azad and 
Ulokhtass reriods is uncertain but as cereals were rredominant crors 
,in the eastern districts, special rrovision for their irrigation 
seemE probable. Moreover, the farmers to the vlest of Esfahan 
normally began their cultivation of alfalfa, maize, oil-Eeeds, water 
melons, onions, eggrlants and rice [*] from June 20th onwardE, after 
[*]~he cvltivation r~tterns of these crors in the Esfahan region are 
ex ern ned m Chapter S1X. 
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the mokhtass J:eriod had exrired [*] (12). Subsequently, and in 
accordance with the moshtarek rule, the districts of Garkan and 
lenj an received -water for 1 8 days and f/Iarbin and Jay for 1 2 days. 
Fran 21st July to 11th Cbtober, the v.aters of the Zayandeh Rud 
continued to be distributed by a rotational ~stern (called tanovobi). 
Garkan and lenjan received v.ater for 9 days and then Marbin and Jay 
for 6 days. Fran Cbtober 11th to November 6th, the tanovobi -was 
extended to include the :Earaan and Kararedj districts. Between 
November 7th and Novernter 21st, the mokhtass rule was again enforced 
and all the river v.ater directed to the Earaan and Rudasht districts. 
_2.~.43. Enforcement 
The ~omar was enforced by a hierarchical system of officialE. The 
Mirab responsible for the division of river -water v.as elected by 12 
men who, in turn, were elected by the fanners and villagers 
througlxmt the region ( 13). According to Ieaunont, however, the 
Mirab was elected by a canmittee of 33 members, one for each of the 
primary water shares (14). Subordinates of the Mirab included 
several Sar-Kishiks who manned the Kishiks or insJ:ection rosts at the 
entrances of the main madis. Qaseds were emrloyed to oren and close 
the madis, and to rrevent both trespassing and the usurring of water 
rights. The mad is were assigned volunes of water, calculated on the 
basis of the cultivation areas of the villages they served. 
OfficialE called M:illi Salars were responsible for aprortioning madi 
water between villages (15). Snall dans, with sluices, facilitated 
this work. Dashtbaris or Fapars were resronsible for allocating 
water between village·users according to the lands needing irrigation 
water, the cror type and the duration of irrigation required. The 
obvious camrlications of this distribution rrogramme were intensified 
by the seasonal flow variations of the river and by the irrigation of 
large areas of agricultural land with water fran coth the river and 
fran qanats. Adherence to the precepts of the Tomar resulted in 
variations of water rights in the area. The villages close to the 
Zayandeh Rud had greater privileges camrared with the villages 
rurther away. The villages of the lenjan rlain, the Falvardjan 
plain, the northern rart of the Kararedj rlain and, in rarticular, 
the area between Dideran and :Earaan, had strong rights to Zayandeh 
Rud v.ater. However, the villages situated on the Najafabad rlain, in 
the Margh depression, in the area to the east of the Gavart mountains 
and in the northern and central areas of the Isfahan rlain had no 
water rights. 
[ *] These cro-rs were largely confined to the west because there was 
1nSufficient water for theu cultivation in the east. 
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.2.:~·2 La\11 Of Shahrivar, 1309 
The law of Shahrivar, 1309 (1951 ), that related to the ownership, 
distribution, use and administration of the water resources of the 
nation, w.as alro being observed in the Isfahan region in 1 CJ77. This 
law established the Agricultural .Eank in order to rrovide credit for 
the encouragement of irrigation and the construction and repair of 
wter conduits. The law limited the rights of the owner or first 
occupier of land to build, demolish or engage in similar activities 
in the vicinity of a qanat if these activities prevented the owner of 
the qanat from exercising the rights he had enjoyed hitherto. It 
alro required that all the owners of land above or below a \1/ater 
conduit should :rennit wells or canals to be excavated. It also 
prevented owners of fann lands or of gardens outside toms objecting 
to wells being dug or to canals being excavated on this land by a 
third rarty. The only exceptions to these rules were made in favour 
of land ·used for dwellings 'tltlich 'Was declared exem:rt from all such 
acts of exrrorriation ( 16). 
2·~·~ Iaw Of 1322 
According to the Eureau of Water Planning, the la\11 of 1322 
(1943/1944) that established the Inderendent Irrigation .Eougah 
(I. I. B.) ·'Was "organised for the extension and develo:rment of the 
irrigation affairs of the country, including the construction of 
irrigation works, control of rivers and rublic canals, pools and 
omerless springs" ( 1 7). Such an organisation w.as established in 
Thfahan, and in common mth the I.I.B. else\'lhere in the country, it 
was emrowered to detennine irrigation fees on the basis of 
exrloitation and available records of the localities concerned and to 
register them in a s:r;ecial book called "Water Shares Registration 
P.ook". The I. I. B. aloo rrovided technical aid to individuals or 
.vmers intending to engage in irrigation, drainage or related 
o:rerations. These organisations "Were alro authorised to administer 
s:r;ecial funds for the maintenance of 811all dams, reservoirs, public 
canals, weirs, floodgates and :rools. Apparently, the I.I.B. in 
Fsfahan ws ineffectual . 
..2_.~.7 Ministry Of Water And Po\ol€r 
The inderendence of the I.I.B. was curtailed in 1964 when they were 
placed by law under the Ministry of Water and Po\oler. In order to 
fully utilise the \olater resources and to rroduce sufficient 
electrical rower for· use in the cities and villages and to meet the 
agricultural and industrial requirements, the Ministry of Water and 
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rower was given control of all water resource development activities. 
Apart fran l:leing a:n:ro¥-Bred to draw up and im:rlement plans and 
rrojects concerning the generation and transmission of electric 
pJwer, the establisbment of regional :rower stations, and the building 
of a higlrtension electrical network throughout the country, the 
Ministry of Water and Fower w.as also canmissioned to draw up and 
carry out plans and rroj ects concerning the provision of water and 
its transfer to main consumrtion centres, to manage formerly 
autonanous or semi-autonomous authorities and to supervise the manner 
of the·utilisation of water resources (18). 
5.2.8 Water Resource Nationalisation 
---
.2.·~·~ Ministry Of Fhergy 
The Water raw of 1968 encanrassed all the surface and ground waters 
,uf Iran. The Ministry of Energy 'WaS established and w.as resronsible 
for safeguarding and ·utilising these water resources and for 
establishing and managing the developments of these resources. This 
Ministry replaced the Ministry of Water and Fower and it w.as hored 
that its new organisational structure would facilitate the 
identification of problems and conflicts, encourage the coordination 
between those concerned with water resources and electrical :rower 
generation and rrovide the bureaucratic framework necessary for 
long-range planning. 
The 1968 Water law decreed that the Ministry of Energy was bound 
to review existing · water rights and to issue beneficial water· use 
permits to water right owners and water ·users. The law stated that 
after the issue of a beneficial water use :rermit, prior water rights 
were to be considered as cancelled. The Ministry of Energy was made 
resronsible for determining the amount of beneficial ·use of water for 
,agricultural, industrial or municipal rur:roses from water resources, 
for imJ'lementing real or legal entities that had water rights in the 
past, and for converting such permits to beneficial water use 
}Brmits. The Ministry of Energy was empJwered, for the pur:rose of 
... upplying the amount of water required to the country, to harness 
... loods and to rrovide reserves of surface and ground water; to 
regulate and distribute water through the establisbment of irrigation 
and :riping qvstems; to ex:rloit and beneficially use ground waters; to 
su:rervise the quality and quantity aspects of water use and conduct 
research on the water resources of the country; to create irrigation 
systa:ns and establish camranies, irrigation organisations, boards of 
executive and water conservation committees; and to rrovide direct or 
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indirect supervision of water resources and their rationing during 
droughts. The 1968 Water law alro declared that the permission of 
the Ministry of Energy had to be obtained before any ground water 
could be used fran a well or a qanat; c barged the holders of well 
permits to rrevent pollution of wellE; and authorised the holders of 
beneficial ·use permits to·use the land of others for the purrose of 
laying canals, conveying water, and maintaining installations. This 
l_aW emrewered the Ministry of Energy to fix the average COSt Of water 
per cubic metre in regions where develorment plans or water 
nationalisation had been rut into force and to gradually incorrorate 
all water users in each district or river basin into a water rate 
systen based ·upon current exrenses for managsnent, maintenance, 
repairs, orerations and capital interest (19). The 1968 Water law 
prohibited rollution and decreed that the organisations using water 
for municipal, mining or industrial rurroses were to rrepare and 
enforce plans for rurifying water and controlling Eewage water. The 
Ministry of :Energy was aloo bound to recognise the :prohibited area of 
a well, qanat or water way. The :r:rohibited areas (harim) of the 
flood beds of rivers and natural irrigation canals were specified at 
betwe,en 5 to 20m fran each side of the bed (20). The :prohibited area 
of streamE and irrigation netiDrks were as follows (21 ): 
Discharge of streams and Harim, or :r:rohib i ted area 
irrigation networks(cu.m/s) (m) 
15 10-15 
10-15 8-12 
5-10 6-10 
2-5 4-8 
\ 
1-2 3-6 
100-10001/ s 2-5 
1001/s 1-2 
2·~·82 Esfahan Regional Water Authority 
Regional Water Authorities, subordinate to the Ministry of Energy, 
were established for the management of water resources as specified 
in the 1968 Water law at a regional level. Figure 5. 2 shows the 
delineation of the areas administered by the Esfahan Regional Water 
Authority and the other ten authorities. The Esfahan Regional Water 
Authority was made responsible for an area including the Esfahan 
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region, its northern and southern erwirons and the areas to the east 
around Nain and Yazd (22). The Sogreah Consulting Engineers were 
contracted to assist the Esfahan Regional Water Authority in the 
design and :imrlementation of a three-yhase programme. In 1 gn, the 
firet phase, which included the construction of the Shah Abbas Kabir 
Dam in order to J:TOVide YJater for the irrigated agriculture of the 
region, the Arya Mehr steelmrks [ *] and rower generation, WclS 
canrlete. The second rhase, which incluled the construction of 
diversion dams and an irrigation netw:>rk, had canmenced but the third 
which irwolved a water resources survey of the Rudasht 'ZOne in order 
to form a policy to reduce the areas of soils affected by salinity, 
had not yet begun (23). 
2·~-83 Subsidiary Organisations 
The structuring of the Ministry of Energy led to the creation of 
vari<!lus subsidiary bodies. The fureau of Water Planning was 
established to determine and evaluate the technical aspects of water 
availabilty and \'Bter demand based ·uron the Government's goals and 
objectives and ·upon specific developnent plans. The Eureau was not a 
decision-making body and it did not have the authority to allocate 
YJater among various contenders in a conflict situation. That 
resronsiblity rested with the Iranian government ministries, agencies 
and High Cotmcil. The Iureau was entrusted, however, with furnishing 
these bodies with any technical information relevant both to 
decisions on future water allocation and to rredictions of the 
rossible consequences. The Developnent and Resources Corroration 
were contracted by the Ministry of Energy on the 22nd Eertanber 1 fJ73 
to assist the Eureau of Water Planning during the initial 50 months 
of the national water rlanning rrogramme, and to JTerare a National 
Water Plan. In June 1fJ77, it was predicted that the Plan would be 
canrleted in February, 1 g-{8. The National Water Plan was to have two 
can ronents: a record can ronent and a guide can ronent. The record 
canronent was to focus on YJater canmi1:ments and ·uses as they existed 
at that time. The guide camronent was the elucidation of the water 
related constraints on the nation's future econanic exransion. The 
Plan was designed to·use as reference those conditions and activities 
~orecast for about 30 years ahead. However, forecasts for conditions 
in the interim were to be based on their relative bearing on water 
resources. It was hored that the National Water Plan rrogramme would 
be a progressive activity and that it would be updated every five 
years to incorrorate new information, technologies, goals, 
r*] The Arya Mehr steelworks and its water use characteristics are 
aiscussed In Chapter Eight. 
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objectives, and rolicies, as well as more sorhisticated, 
camrrehensive and detailed analyses. In 1977, the High Council was 
inactive but it "WaS believed that the National Water Plan· with its 
involvement of other government agencies and ministries would make it 
a forum for discussion and representation. 
The Administrative and Parliamentary division "WaS created to 
p-ovide the vital link between the Ministry of .Ehergy and the Iranian 
government. The Iranian government contained many canmittees and 
councils concerned with aspects involving \<Jater resources. The 
Ministry of Energy provided representations for these various 
decisio~making bodies. As well as arranging these representations, 
the Administrative and Parliamentary divison also organised the 
secretariat of the Ministry of Energy and rrepared its budget. The 
views of consumers were heard there and then subsequent action was 
undertaken by the relevant Regional Water Authority. The Technical 
fureau was created to authorise recommendations of consulting firms 
and to advise other officials of the Ministry of Energy on technical 
matters. This Eureau had strong ties with the Research and 
laboratory Centre where water p-oj ects were studied. The Surface 
Water and the Ground Water fureaux were concerned with both the 
surveying of the country's water resources and the publishing of 
information on the quantities and qualities of these resources. 
These two departments worked closely with the Regional Water 
Authorities. The Plan and Eudget Organisation was responsible for 
national rlanning and sectoral development in Iran. This 
organisation estimated the overall funds to be allocated to each of 
the Five Year Development Plans. All of the major government 
ministries engaged in activities involving exrenditure were obliged 
to p-erare annual budgets to qualify for Development Plan funds (24). 
The water ·use conflict of the Fsfahan region is examined in 
detail in Chapter 8. Despite the nunerous goverrment bodies 
concerned with water resource ·use in Iran in 1977, a set of 
priori ties had not been formulated. At that time the Governor 
General of the ostan of Esfahan and the De:ruty Minister of .Ehergy 
were studying the conflict (25). The Iranian Rev elution has 
undoubtedly reduced the legislative and bureaucratic controls 
~ormerly orerative in the Esfahan region. It seems reasonable to 
suppose that the principal influence on water use is still the Tomar 
(26). 
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5.3 GROUND WATER EXPLOITATION: QANATS 
5. 3. 1 Qanat :EXcavation 
The qanat was a Persian invention and dates back more than 3, CfYJ 
years (27). Although qanats are exrensive to excavate, they rermit 
the cheap transfer of steady flows of ground water by means of 
gravity fran aquifers to lowland areas (28). Qanats have been used 
extensively in the Esfahan region, Iran and over the Arab world to 
facilitate irrigation and settlanent and frequently to lessen 
~ulnerability to seasonal and longer term fluctuations of surface 
water availability (29). Although geographically so widespread, 
qanats tend to have a standard form. Figure 5. 3 shows that the 
· upslore part forms an infiltration gallery whereas the downslore 
part, between the aquifer and the surface, functions as a conveyor 
channel. Regularly spaced shafts for access are situated between the 
upslore and the downslore ends of a qanat. Networks of secondary 
galleries are sometimes found branching fran the main infiltration 
gallery in order to increase the inflow of ground water (30). 
Qanat excavation is skilled and dangerous and is normally 
undertaken by s:r;ecialists (moghanis) and their labourers (31). 
Before excavation starts, an exrert is emrloyed to select the upslore 
siting of the qanat. This man normally has a great understanding of 
the canrlex relationships between terrain and aquifer rossibilities. 
Favourable sites generally inclule the up:r;er slores of a fan, the 
mouth of a dry stream valley or dry stream bed (32). By digging a 
garmaneh or ex:rJ_oratory well into the water bearing strata, the 
exrert and the moghanis can evaluate the quantity of the ground· water 
available and can determine the ortimal location of the madar chah or 
mother well. Figure 5.3 shows that this well constitutes the 
uprermost shaft of the qanat. If the garmaneh reveals an 
insufficiency of water, an alternative siting is sought. 
Occasionally the results obtained from the garmaneh are inconclusive 
and additional wells are dug (33). After this normally lengthy 
preparatory work, a series of shafts is excavated downslore of the 
madar chah at regular intervals of between 30m and 1OOm. The 
moghanis then burrow upslore and downslore fran each of these shafts. 
They usually work in teams of four: one extending the tunnel; one 
_lOading the excavated material into leather bags (dul) and two 
transporting the spoil to the surface by using a wooden windlass 
( charkh) (34). The surface spoil is derosi ted and banked around the 
o:renings of the shafts to rrevent incursions of flood water and sand 
into the qanat. 
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~c~anat tunnels are usually 1.2m in height and 0.8m in width 
(35). Hence it is not surrrising that the moghanis are usually 
short, stocky and rowerful men. They take care not to excavate the 
qanat tunnel at a gradient steep enough to cause erosion. A long 
qanat tends to the horizontal because of the problems of levelling 
but a short one may be given a gradient of between 1 : 1 , COO cr 1 : 1 , 500 
(36). The work of moghanis is dangerous because tunnel collapses are 
not uncommon and suffocation from contaminated air is another threat. 
Castor oil lamrs are used as warning devices against suffocation and 
karvulls (oval baked tiles) to strengthen weak tunnel sections. The 
access shafts are spaced close together if a tunnel has particularly 
foul air (37). 
Qanats need little energy inrut, apart from annual cleaning and 
maintenance ore rations. The ·water is normally of good quality 
because of the unrolluted nature of the tapped aquifer. The only 
major disadvantage of a qanat, apart from its high initial excavation 
costs, is that the water it supplies during winter, and, to a lesser 
extent, at night during the irrigation season is largely wasted (38). 
Snall storage rools, however, were noted at the mouths of several 
qanats situated in the Esfahan region in 1977. 
5.3.2 Qanat locations 
---
.2_. 3 . ..£1._ General Patterns And Data Sources 
Considering the water supply advantages of a qanat, it is unfortunate 
that the once extensive qanat network of the Esfahan region has 
generally fallen into disrerair. In 1977, the skills of the moghanis 
had largely been forgotten. In the :r;ast, there were hundreds of 
tunnels beneath the region and there were even qanats beneath the 
irrigation area where excavation was particularly difficult. Most of 
.the qanats in the irrigation area were nothing more than emrty 
tunnels in 1977. In certain areas the water tables had been reduced 
by pumring to such an extent that the qanats were unable to tap their 
former aquifers. Many more had ceased to function owing to the lack 
of skill needed to maintain them. 
Figure 5.4 illustrates the regionalisation of the Esfahan oasis 
used in the analysis of the 1966 Village Gazetteer and the 1974 
Agricultural Survey data sets. The boundaries, which are those 
oetween the lowland, agricultural rlains, are depicted on all 
succeeding camruter maps. Figures 5.5 and 5.6 illustrate the 1966 
and the 1974 data, respectively, concerning supplies of qanat water 
at the 7 41 data points [ *]. The following analysis is based uron the 
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interrretation of these maps; data gathered by the Iranian Ground 
Water Derariment in 1964 and 1 964; and data recorded by the Sogreah 
Consulting Engineers in 1975. These data were principally concerned 
with the qanats in the .fVbrghab valley, north-west of Naj afabad, with 
the qanats of the Falvardjan Plain and with those to the north in the 
vicinity of Bomayounshahr. little survey work was undertaken in the 
rest of the Esfahan region. 
2·l· 22 Ochian Plain 
Figure 5. 7 sho\'18 that there were few qanats in the gravel fans to 
the north of the Zayandeh Rud :rlain. The ground was generally too 
rocky for cultivation and the only qanats of any imrortance supplied 
the large settlement of R±z. Figure 5. 7 shows, however, that 
nunerous qanats had been excavated in the fans leading down fran the 
CEin range to the south-west. These ganats conveyed the good quality 
ground water to irrigated fields and settlements. Figure 5. 7 
confirms fieldwork observations that many of these qanats were more 
than 10km in length and rome trans:rorted ·underground water fran 
aquifers in the ·upper rarts of the fans to settlements near the 
Zayandeh Rud. In 1977, several of these qanats were observed 
discharging large volumes of water and no defunct qanats were noted. 
The pattern of qanat tunnels reflected the ground water flows of this 
area. The imrermeable rock barrier bordering the river :rlain to the 
west of Varnamkhast caused ground water to converge in the area to 
the south of JVbbarakeh. Consequently, there were no qanats conveying 
water from the western area of the fans to the river valley. Figures 
5. 5 and 5. 6 show that in 1966 and 1 974, qanat water was an 
imrortant form of supply in the southern area of the Ochian region. 
These maps indicate that water was derived from qanats in the far 
western part of the river :rlain and in the adjacent highland areas . 
.2.·l· 23 Naj afabad and Fhl vardjan Plains 
Figures 5. 5 and 5. 6 show that in 1966 and 1 974, many areas in the 
Morghab valley to the ¥.Bst of Naj afabad were supplied with ground 
water by qanats. In 1977, the qanats of the r.brghab valley were 
well-maintained and some were being develored. This unusual activity 
was probably due to the alluvial de:rosits in this area being less 
than 30m thick and not very permeable, all attem:rts at pumring having 
failed. Figure 5. 8 Eho\'18 the :rattern of qanats in the central and 
eastern parts of the Morghab valley and in the areas to the south and 
f*] ~he ~erm ~data poi~t' ·used here~ter refers.to the ~pecific locat;~:po.s 1nvest1gated aur1ng th~collectlon of the 1nformat10n for 
the 1':1bb Village Gazetteer and 113f4 Agricultural Survey. 
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east of Najafabad. The qanat network of the eastern part of the 
Najafabad rlain was anrloyed to convey the soft .r.'brghab ground -water 
fran the west for irrigation prrroses. In 1974, 35 of the 39 data 
p:>ints situated throughout the Najafabad rlain were deriving wter 
fran qanats. In 1975, the Sogreah Consulting Engineers recorded that 
the qanats supplying Qal 1 eh Sefid and Juzdan were discharging 27 1/ s 
and 70 1/ B, respectively (39). In FJT7, pumring along the northern 
border of the plain was severely affecting qanat discharges. The 
quality of the ground wter ws becaning degraded and several qanats, 
including those supplying Qal 1 eh Shah, were dry. Elsewhere, pumring 
w.as camraratively unimrortant, and the quantity and the quality of 
the ground water supplied was reasonably constant. 
In 1977, the qanats traditionally emrloyed to supply the western 
and northern rarts of the Falvardjan rlain had also been seriously 
affected by over-rumring and consequent ground water regressions. 
These qanats formed rart of the great qanat network that spread 
east-wards across the Naj afabad rlain: the Furushan qanat, one of the 
largest in the Esfahan region, extended for 20km between Sol tanabad, 
in the southern central area of the Najafabad rlain, to 
Homayounshahr. Between 1961 and 1 967, the discharge of this qanat 
fell fran approximately 600 1/ s to 1 28 1/ s. In 1977, it ws a being 
used as a surface wter supply canal. The Furushan qanat crossed an 
area near Q:illherij an where the "\\'llter table had drorped 20m in 10 
years. 
The Iranian Ground Water DerarUn.ent, in a thorough and extensive 
survey in 1964, found that 26 of the 41 qanats of the Fal vardjan 
piain were not functioning (40). Figure 5. 5 shows that in 1966 
there were data points supplied with qanat wter to the south of 
Homayounshahr, none to the east towrds Esfahan nor to the north. 
This perhaps illustrates an examrle of underestimation in the 1966 
census, particularly as the 1974 map, Figure 5.5, shows that several 
areas to the east, north and south of Homayounshahr were served by 
yanats. During 1974 and 1975, over-rumring led to a dramatic dror of 
the water tables beneath this area. In 1977, it was evident that 
since the degeneration of the qanat system in the area between 
Homayounshahr and Aleshgah, the ground water had became salty and the 
pumrs and wells of little use, whilst the total area of irrigation 
had diminished. 
2_.]_.24 Esfahan Plain 
In 1977, the qanat network conveying ground water southwrds from the 
Murcheh Khort valley to the northern areas of the Esfahan rlain w.as 
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deteriorating. Comrarison of }igures 5.5 and 5.6 suggests that 
data points in the western rart of the plain deriving "Water frcm 
qanats Y-Bre fewer in 1g?4 than in 1966. The Sogreah Consulting 
:Ehgineers stated that there had been 15 functioning qanats in 1964 
but only 5 in 1974. In 1964, the total discharge from all the qanats 
"WaS7001/e. Thetotaldischarge"WaS5001/s in 1975 but it V.ru3 
diverted only to Gaz and ..Aminabad. The Arninabad qanat had been 
extended by a land ower at some time betY-Ben 1964 and 1 g-?5 and its 
discharge had been increased fran 250 1/ s to 360 1/ s. In 1975, it 
'WaS found that Dastj erd, De ligan, Khorzang and Gorghab and several 
other large villages had camrletely lost their supplies of qanat 
"Water. It "WaS noted that pumrs were re-eupplying the qanats leading 
to Gorghab and Khorzang (41 ) . 
Figures 5.5 and 5.6 both show a concentration of data points 
served by qanats in the eastern rart of the Esfahan plain. In 1 g-?5, 
the Sogreah Consulting Engineers exanined 27 qanats, and recorded a 
total discharge of 765 1/s: 8 of the qanats supplied ground water at 
. a rate of 152 1/ s to Babibabad, in the nort~eastern rart of the 
plain, and their individual discr.srges Y-Bre between 1 l/ s and 55 1/ s. 
A further 7 qanats were not examined in the eastern area of the 
plain, but on the basis of the average qanat discharge of 28 1/ s frcm 
the 27 qanats, a total discharge of 940 1/ s was estimated for the 34 
qanats. An average qanat discharge of 28 1/ s 'WaS believed to be 
representative in this area; only one qanat, the Sin qanat, had a 
much higher discharge ( 1 72 l/ s) . Seven qanats had discharges of 10 
l/ s or less ( 42 ) . 
2.·}·25 Plains East Of Esfahan 
In 1977, the volumes of "Water supplied to the irrigated areas of the 
Karared j, Baraan and Rudasht plains Y-Bre insignificant cern rared with 
those derived fran the Zayandeh Rud and Y-Blls. Although Figures 5. 5 
and 5. 6 show that a few data points in the Kararedj rlain were 
supplied with water fran qanats in 1966 and 1 g? 4, the discharges frcm 
these qanats were all very low. In 1975, the Sogreah Consulting 
Engineere exBIIlined the qanats supplying Qal' eh Shur, Ki tchi and 
Kabutarabad and evaluated discharges of 1 l/ s, 6 1/ s and 10 1/ s, 
respectively. Two qanats supplying Barimabad Y-Bre ascertained to be 
supplying 1 9 1/ s and 58 l/ s (43). 
Figures 5.5 and 5.6 show that in 1966 and 1974, only a few 
data points were supplied by qanats in the Iaraan and Rudasht plains. 
The qanats of the southern area of the Iaraan rlain were conveying 
good quality ground water from the north facing alluvial fans of the 
t 
Shah Kuh mountains. Qanats were important in 
and north of the Baraan and Rudasht plains. 
south were situated in small fertile areas 
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the areas to the south 
The data points to the 
within the Shah Kuh 
mountains and the data points to the north were bordering the 
enormous south-facing alluvial fans of the Kohrud range. Little 
information was available on the discharges of these qanats. 
5. 4 GROUND WATER EXl'LOITATION: WEIJS 
5. 4. 1 General In:formation 
---
Figures 5.9, 5.10 and 5.11 illustrate the dichotomous information 
contained in the 1966 Village Gazetteer concerning the data points 
with and without shallow, semi-deep and deep wells, respectively. In 
1977, the Iranian Statistical Organisation designated shallow wells 
down to 19m beneath the surface, semi-deep wells at between 11m and 
20m and deep wells at more than 21m beneath the surface. Figures 
5.12, 5.13 and 5.14 illustrate the detailed information contained 
in the 1974 Agricultural Survey data set on the numbers of shallow, 
semi-deep and deep wells associated with the 741 data points. 
According to the Esfahan Regional Water Authority, the collection of 
data for the 1974 Agricultural Survey only included licensed wells. 
There were, in fact, large numbers of wells of all depths that were 
not licensed and registered. This organisation believed, however, 
that the majority of these wells were situated in the Lenjan, Baraan 
and Rudasht plains where the greatest densities of licensed wells 
also occurred. 
In the past, all wells were dug by hand, the water being raised 
to the surface by means of buckets tied to animals. However, in 
1977, considerable volumes of ground water were being extracted by 
means of pumps operated by diesel engines. These pumps were mainly 
of the centrifugal variety and generally powered by 6hp to 12hp 
motors. Pumps powered by 24hp motors were being used, however, in 
,the north-eastern part of the Esfaban plain, where high discharges 
were required and the ground water was at great depth. Electric 
pumps were rare but evidently were becoming popular for deep 
extraction in the Najafabad plain and in the Kararedj plain. 
According to the Fsfaban Regional Water Authority, in the 
predominantly madi-irrigated areas, pumps were owned by between 5 and 
50 villages whereas the deeper and more expensive drillings and pumps 
generally belonged to one or two landlords. In the Esfahan plain, 
some individuals owned several drillings and pumps. In 1977, the 
ground water supplied by wells was normally fed into small irrigation 
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channels to be transported to crops, often several hundred metres 
a~Ry. In the predominantly riverine-irrigated areas, the irrigation 
networks associated with the wells and the mad is were integrated. 
In 1972, 350mcu.m of ground water were rumJBd from wells (44). 
In 1974 9 3~497 Ucensed -wellE ~Bre associated with the 741 data 
points of which 1,795 were shallow wells, 1,237 were semi-deer wells 
and 465 were deep wells. These spatial ratterns indicated the 
variations of water table derth beneath the Isfahan region. 
5.4.2 Well locations 
---
2·4·~ Ochian Region 
In 1974, there were 67 shallow wells, 91 semi-deer wells, and 39 deep 
wells associated with the 220 Ochian region data points: 18 of these 
data points had shallow wells, 49 had semi-deer wells and 22 had deep 
wells. Figures 5.9, 5.10 and 5.11 and Figures 5.12, 5.13 and 
5.14 show that in 1966 and in 1974, there were only a few data 
points to the west and east of .rrnbarakeh using shallow, semi-deer and 
deep wells to extract the shallow ground water beneath the river 
plain and the ground water converging from the south. This perhaps 
. showed the adequacy of surface water supply in the areas of the 
Cbhian region beside the Zayandeh Rud. In 1977, qanat maintenance in 
the southern Cbhian area had ensured adequate water supply and, in 
contrast to other areas dependent on ground water in the Esfahan 
region, wells had not increased in number to any great extent. 
Figure 5.11 indicates that in 1966, there were no deep wells at any 
of the 220 Ochian data points but Figure 5.14 shows that in 1974, 
there were a few deep wells in the central and western rarts of the 
lands south of the Zayandeh Rud. Comrarison of Figure 5. 10 with 
Figure 5. 13 indicates that several semi-deep wells were sunk there 
between 1966 and 1 974. The small number of shallow wells in 1966 and 
1974 in the southern area of the Cbhian region indicates that the 
ground water tables beneath this area were generally deeper than 10m. 
2·4.22 Lenjan Plain 
In 1977, there were few qanats in the Lenjan rlain and wells were the 
principal means of ground water extraction. In 1974, there were 593 
wells associated with the 131 data points situated in the lenjan and 
Mahyar plains of which 310 were shallow wells, 196 were semi-deer 
wells and 87 were deer wells; 30 of the study data points had shallow 
w~lls, 51 had semi-deep wells and 37 had deep wells. 
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Figure 5. 9 shows that in 1966, most of the data points with 
shallow wells were concentrated in the southern and eastern areas of 
the northern cultivated rart of the l"hllyar rlain but Figure 5. 12 
shows that in 1974, the majority of the shallow wells were situated 
wi thjn the fredcminantly madi-irrigated 'ZOne beside the Zayandeh Rud. 
The lack of shallow wells in the northern rart of the Mahyar rlain 
indicated that the ground water levels of this area had fallen 
between 1966 and 1 974. Between 1974 and 1 977, hundreds of shallow 
wells were dug in the lenj an plain so that small quanti ties of good 
quality ground water could be :rrovided. 
Comrarison of Figures 5.10 and 5.13 reveals that, generally, 
the patterns of data points with sa:ni-deep wells in 1966 and 1 974 
were similar. In 1974, there were few such wells in the Mahyar 
plain, and most of tha:n were situated in the eastern and northern 
areas of the lenjan rlain. Oshtorjan, situated on the reriphery of 
the small area with saline ground water, had 150 sa:ni-deer wells in 
197 4. Figure 5 . 13 shows that there w.as a distinct boundary between 
the northern rart of the Lenjan rlain which contained semi-deep wells 
and the southern area of the Falvardjan rlain which had few such 
wells. Apart fran a band of shallow ground water beneath the 
madi-irrigated areas beside the Zayandeh Rud, the ground water levels 
were generally lower in the Falvardjan rlain. 
Comyarison of the deep well yatterns shown by Figures 5.11 and 
5.14 also suggests that the water tables of the Mahyar ylain drorred 
between 1966 and 1 974. Figure 5.14 shows that there were numerous 
deep wells in the Deh Sorkh depression and the area to the west of it 
in 1974. In 1977, several wells deerer than 50m ·were noted in the 
Miliyar plain and Deh Sorkh areas. Wells· with radiating systems of 
.... hafts had been excavated because the low permeability of the 
underlying material did not allow sufficient inflows of water into 
simyle wells. The shafts collected the infiltrating· water during the 
night-time to supplement the day-time supply of irrigation water. 
These deer wells were vulnerable to ground water recessions because 
anall reductions could cause the canylete depletion of shaft systa:ns. 
Several wells with nunerous shafts radiating at different levels were 
noted to the east of Deh Sorkh. Most of the deep wells, around Deh 
Sorkh, however, had been abandoned as the ground 1\'B.ter became 
increasingly saline. 
2·4-23 Najafabad And Falvardjan Plains 
Figures 5.9, 5.10 and 5.11 indicate the scarcity of data points 
with shallow, sa:ni-deep and deep wells situated in the Najafabad 
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plain. Figures 5.12, 5.13 and 5.14 indicate that, in 1974, there 
were no shallow wells in the vicinity of Najafabad; several semi-deer 
wells in the southern and northern parts of the plain; and many deer 
wells to the east and south of the town in the 'Zone of over-:rumring. 
According to the Esfahan Regional Water Authority, the 85 licensed 
wells to the east of the Morghab valley in the Naj afabad rlain were 
mainly situated in the over-rumred 'ZOne in 1977. Its hydrological 
conditions did not facilitate pumring because of the low permeability 
of the underlying materials. In 1977, the discharges from the wells 
were rarely more than 15 1/ s and were generally between 5 1/ s and 6 
1/ s. The fanners were· using their rumrs to maximun effect and some 
were·using their p;mrs for more than 5,000hr/yr, equivalent to a 
daily pumring record of 18hr/day for an irrigation reriod lasting 9 
months. The water tables beneath the area were falling rapidly and 
fuel costs were increasing as the water had to be rumred from greater 
and greater derths. By 1977, the water tables were generally at 
depths of between 40m and 50m. A member of the Esfahan Regional 
Water Authority stated that two borehole measurements made 8 years 
apart showed a dror in the -water table from 27m to 46m beneath the 
surface. He suggested that if such extraction continued, it would 
eventually became financially prohibitive and so lead to the comrlete 
d~eneration of agriculture in the area. 
In 1974, 22 of the 41 Falvardjan data points had shallow wells, 
8 had semi-deep wells and 8 had deep wells. Comrarison of Figures 
5.9, 5.10 and 5.11 with Figures 5.12, 5.13 and 5.14 indicates 
that the number of shallow wells in the Falvardjan plain rrobably 
increased between 1966 and 1 974 and that the ratterns of semi-deer 
and deer we 11 s were similar . In 1 97 4, there were nun erous shallow 
wells situated in the predominantly madi-irrigated ~zone adjacent to 
the Zayandeh Rud. The village of Yazdabad, 5km to the south-east of 
Dorcheh Fiaz, had 50 shallow wells in 1974. In 1966 and 1 974, 
semi-deer and deer wells were being used mainly in the areas of 
_alling ground water levels which were contiguous with those of the 
Najafabad rlain. In 1974, the village of Ashgarabad, 5km to the 
south of Hounayounshahr, had 23 deer wells. 
5.4.24 Esfahan Plain 
---
The inhabitants of the south-western part of the Esfahan rlain were 
mainly derendent on river -water rrovided by madis in 1977. Six 
Fehlmann wells had, however, been dug into the transnissive gravels 
near Aleshgah. These wells had radiating systems of drains and were 
indirectly extracting great volumes of Zayandeh Rud water. Four of 
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the wellE wsre rroviding Y.ater for the municipal rupply system of 
Esfahan and tiD for the region's central rowsr station. 
Figures 5.9, 5.10 and 5.11 indicate that, in 1966, there were 
few study data points with shallow wells and that these were situated 
immediately to the north-west of Esfahan and between this city and 
!bmayounshahr; the data JDints with semi-deep wellE were situated 
between Esfahan and Ga.z, fuwlatabad and Dastj erd; the data points 
with deer wells were mainly situated to the north-west of Esfahan, 
particularly to the west of Gaz. Comrarison of Figures 5.9, 5.10 
and 5.11 with Figures 5.12, 5.13 and 5.14 indicates that the 
patterns of shallow, semi-deep and deep wells in the Esfahan rlain 
were probably similar in 1966 and 1 g-{4. Figure 5. 12 shows that in 
1 g-{4, shallow wells were only being ·used around Esfahan and the 
semi-deer and deep wells, shom by Figures 5.13 and 5. 14, situated 
in the northern and central areas of the Esfahan plain indicated the 
deep underlying aquifers. In 1g-{5, the Sogreah Consulting EngineerE 
found that the deer wells were between 30m and 300m in derth and that 
their discharges also varied greatly. Pumred discharges from the 
shallowest of the three underlying aquifers were rarely above 10 1/s 
because of its limited depth and renneability. Ten wellE to the west 
of Gaz, which were deriving water from the two deerer aquifers, had 
discharges greater than 100 1/ s. In 1 g-{5, the rum ring of good 
quality water from the deer aquifers beneath the Esfahan region was 
being imraired by the infusion of salty water fran the upper 
,aquifers. By FJ17, this problem had been solved by the insertion of 
tubes into the wells to stor seepage from the salty aquifers. In 
1g?5, the Sogreah Consulting Engineers evaluated that the maximun 
rotential discharge from beneath the Esfahan rlain, using all of the 
pumrs and wells functioning at that time, was approximately 
124mcu.m/yr of water. This statistic confirmed the considerable 
investment in pumring equipnent in the area. The Sogreah Consultants 
also indicated the surrrising scarcity of pumrs in the Esfahan rlain; 
assuming that its area was ?;(X) square kilometres, their evaluations 
indicated approximately 1 pumr per 1 OOha (hectares). Even that 
statistic was thought to be misleading, considering that most of the 
pumrs were situated in the northern areas of the plain. Many wells 
of great depth had been drilled north of Zeinabieh and the annual, 
average, pumred discharge in 1975 was approximately 80meu.m/yr (45). 
Although, in 1977, this high rate of extraction was proving to be 
detrimental since the deep aquifer situated in thick gravel layers to 
the north of the Esfahan plain was diminishing, there were no rlans 
to encourage the inhabitants of this area to reduce their levels of 
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extraction. In 1974, only 4 of the 84 data points had shallow wells, 
?fJ had sani-deep wells and 36 had deep wells . 
.2_.1_.25 Kararedj Plain 
Figures 5.9 and 5.10 indicate that, in 1966, there were many data 
points with shallow wells situated to the east of the Gavart 
mountains and that there were numerous data points with semi-deer 
wells situated to the west of these outliers. Figure 5. 11 shows 
that, in 1966, there were only 2 data points with deer wells and that 
both of these were situated on the south-eastern periphery of the 
Karared j rlain. These ratterns suggested that in 1966' the ground 
water was shallow in the eastern area of the region Whereas the 
ground water of the predaninantly madi-irrigated area downstream of 
Esfahan and north of Khorasgan v.as generally deeper. Figures 5.12, 
5.13 and 5.14 show that the patterns of wells in 1974 were 
distinctly different fran those in 1966. In 1974, 20 of the data 
points situated in the Kararedj rlain had shallow wells, 39 had 
semi-deep wells and 22 had deep wells. Figure 5.12 indicates that 
in 1974, the shallow wells were confined to the madi-irrigated area 
of the Kararedj rlain and suggests that the water tables of this area 
rose between 1966 and 1974. In 1974, Esfanak, a settlement situated 
on the western border of the madi-irrigated'zone with the Shah Kuh 
mountains, had 23 shallow wells. The water tables of this area rose 
because after the canmissioning of the Shah Abbas dan in 1972, this 
plain received greater volumes of irrigation water and the amount of 
water recharging the ·underlying aquifers increased. F'igure 5. 13 
indicates that the sani-deep wells of the Kararedj rlain were mainly 
confined to the madi-irrigated area and to the north of Khorasgan in 
1974. The village of Dashti, situated 1km to the south of the 
Zayandeh Rud, had 70 semi-deep wells in 1974. There were few 
oemi-deer wells to the east of the Gavart outliers. 
Figure 5. 14 confirmed fieldwork observations undertaken in 1977 
that the ground water tables had fallen dramatically in the Gavart 
mountains since 1966. Khatnabad, a village situated 4km to the east 
of Khorasgan, had 24 deer wells in 197 4. According to the Sogreah 
Consulting Engineers, the 148 pumrs in the area to the east of the 
Gavart mountains were discharging between 5 1/ s and 50 1/ s in 1 CJ75. 
Evidently between the mid-1960s and 1977, the water tables of this 
area had fallen in rlaces by as much as 15m because of overrumring. 
In 1977, many wells had been abandoned because of very low outputs or 
salinity problems and the Isfahan Regional Water Authority was 
refusing requests for licences. 
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In 1977, in the Margh depression, new shallow and semi-deer 
wells had been dug to extract ground water varying between 4m and 30m 
below the surface. The deerest wells were in the south of the 
depression. Diesel motors were p.mring water fran these wells for 
reclamation and irrigation rurroses. 
5.4.26 Baraan And Rudasht Plains 
---
According to the Esfahan Regional Water Authority, there were 
nunercms unlicensed wells in the :Earaan and Rudasht plains and 
applications of saline ground water frequently caused catastrorhic 
cror reductions. Figure 5. 9 sho¥.'8 that in 1966, there were numerous 
shallow wells situated in the western and central rarts of the Iaraan 
flain and on its southern boundary with the Shah Kuh mountains. 
Figure 5 . 12 shows that in 1974, this pattern had remained largely 
unchanged. This map indicates that there were great densities of 
wells in the centre of the rlain and that the 6 adjoining grid square 
areas within this area contained more than 130 shallow wells. The 
village of Ziar, which was situated immediately to the south of the 
Zayandeh Rud in the centre of the region, had 100 shallow wells. 
Fesarah in the north-east of the area had 90 such wells in 1974. 
Figure 5. 10 illustrates that the data points with semi-deer wells 
were situated mainly in the southern and south-eastern rarts of the 
plain. Figure 5.13 indicates that by 1974, semi-deer wells were 
more in evidence, esrecially in the western and central rarts of the 
plain. This transfonnation was largely due to the introduction of 
tubed wells. In the western and central rarts of the plain, a "hard 
ran" of conglanerate, situated approximately 6m beneath the surface, 
had rrevicmsly restricted the depth of wells to the gravelE above it. 
During the 1970s' drilling through the hard ran rermitted wlls to be 
extended into the gravel beneath. Supporting tubes were inserted 
into these -wells which were rarely more than 10m deep. 
Dastj erd-e-Var, a village in the northern rart of the region, had 46 
semi-deer wells in 1974. Figure 5. 11 shows that there were no study 
data points with deep wells in the Earaan plain in 1966. Figure 5. 14 
indicates that by 1974, a small numter of deer wells had been created 
in two areas, one to the east of the Gavart mountains and the other 
v? the south-eastern boundary of the region. In 1977, the ground 
water tables were generally less than 5 m beneath the Earaan and 
Rudasht plains. 
Figure 5 . 9 shows that in 1966, there were numerous data points 
with shallow wellE in the Rudasht plain and Figure 5. 11 indicates 
. that in 1974, most of the wells of such depth were situated in the 
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main area of the Rudasht plain and camraratively few in the small 
agricultural areas to the north and oouth. Fieldwork in the Rudasht 
area, in 1CJ77, indicated that all of these wells were hand dug to 
depths varying between 3m and 8m. 'Ihe outputs of water from these 
wells were generally low and ranged between 4 1/ s and 8 1/ s. 'Ihe 
pumying season evidently lasted for about 6 months which was shorter 
than those of the districts upstream. The pum rs were· used to 
supplement the water supplied by the madis during summer when the 
supply of river water diminished. In 1 CJ74, there were 534 shallow 
wells, 1 semi-deep well and 8 deep wells associated with the 103 
Rudasht data points. The deeper wells were situated to the north and 
routh of the main irrigated area of the Rudasht plain. In 1974, 
Farfran and Karfran, both situated in the eastern rart of the Rudasht 
plain' had 50 shallow wells. Many wells had been abandoned in 1m 
as the saline ground ¥.ater was unusable. 
5. 5 SURFACE WATER EXPLOITATION 
In 1CJ77, large parts of the existing network of supply and drainage 
channels were being incorporated into a modern hydraulic 
infrastructure of greater capacity. Before examining the local 
details of these two systems, their general features will first be 
discussed. 
2·2·l General Features Of 'Ihe IVB.di Irrigation System 
In 1CJ77, the madi channels ¥Jere the most imyortant elements of the 
irrigation network bordering the Zayandeh Rud. The extent of mad i 
irrigation in the Esfahan region is illustrated by Figure 5. 15. The 
excavation of these ancient waterways had evidently been ·undertaken 
with careful regard for topographical variations. The associated 
networks of secondary, tertiary and quaternary supply channels were 
.~.;onfined mainly to those areas underlain by gravels depoeited by the 
Zayandeh Rud. It was not known whether the cultivation of these 
areas had been favc:lured by these materials or whether these areas, 
being nearer the river, had proved easier to serve with madi water. 
It was apparent, however, that, in general terms, the irrigation of 
these particular areas constituted a remarkably efficient system of 
\ 
water resource ·use. In 1 CJ77, a large proportion of the water 
distributed over the soils of the madi-irrigated districts 
infiltrated down to the ·underlying gravels, accunulated and then 
flowed downstream. Pumyed welle and kariz, drainage channele, 
a£forded the continual re-use of this ground water for irrigation and 
the maintenance of the water table levels to minimise water logging 
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and evaporative salt concentration. Kariz net-works within the 
irrigated areas facilitated the safe transfer of degraded water to 
the Zayandeh Rud. Similar net¥.Drks captured saline water and 
transported it to yeripheral areas such as the Deh Sorkh depression 
and the borders of the Earaan ylain. The·zone north of the district 
between Rehnan, to the "West of Esfahan, and Ghadjavalarestan, to the 
north of the Gavart outliers, was also an important collection area. 
The selection of these areas was probably influenced originally by 
their saline ground water and soils. 
Despite the rapid introduction of diesel-yowered, centrifugal 
JUiliS througrout the madi-irrigated area, the flow of ground water 
and hence the re-use of this water had not been seriously affected. 
In the Ienjan rlain, the pumyed wells were only emyloyed for a few 
days each year When the river water was directed elseWhere in 
accordance with the fumar. In the Iaraan ylain, the pumyed wells 
were only used during the summer to ccmyensate for the low vclunes of 
Zayandeh Rud water available. During winter, when there ·were 
adequate amounts of surface water available, the salts ·were washed 
from the soils and into the drainage channels. In the Esfahan rlain, 
however, the system of water recycling had been transfonned by the 
introduction of pumyed wells in the area bordering the madi-irrigated 
zone. Water-tables had fallen and the kar±z, traditionally used to 
collect and rrovide water for re-use, had dried ·up. The only 
drainage channels still functioning were those emanating from the 
area around the northern border of the city where the water tables 
had remained relatively stable. 
2·.2.·~ General Features Of The r.bdern Irrigation Net-work 
The large-ECale, hydraulic infrastructure was being develored by the 
:EEfahan Regional Water Authority assisted by their consultants, the 
Sogreah Consulting Engineers. In 1CJ77, the total cost of this -work 
was predicted to be eventually 77 mill ion pounds. In 1m' the 
camyletion date for the new hydraulic infrastructure was being 
officially given as 1 c:f37. Difficulties were envisaged, however, in 
engaging sufficient nunbers of skilled -workmen, particularly 
.. engineers and foremen, and yurchasing adequate amounts of 
high-quality concrete. At that time, large numbers of skilled 
workers were leaving the project to V.Drk in the new Arya Mehr 
steelworks and a new concrete factory was still in the early stages 
of construction. 
The principal objective of this scheme was to increase the 
amount of irrigated land in the area downstream of the Ochian rlain 
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and upstream of the Rudasht plain to over 1 00, OOOha by enhancing the 
irrigation of the predominantly madi-irrigated areas and introducing 
mcdern irrigation into other areas designated for imrrovement (46). 
These extended areas of irrigation were intended to actuate a 
transformation of the region' E agricultural econany. In 1 CJ77, there 
were no ylans to modify the existing irrigation and drainage networks 
of the Ochian and Rudasht plains. The water requirements of the new 
hydraulic infrastructure were imyortant factore in the design of the 
Shah Abbas dan, particularly its reservoir capacity. Fundamental 
elements in the new network were the irrigation camronent, planned to 
eupply greater volumes of water for irrigation, and the drainage 
camronent, designed both to collect and re-use ground water for 
irrigation and to evacuate saline water safely. ~o reduce the cost 
and the social imyact of the developnent, the designers incorrorated 
as much of the existing madi and kariz networks as :rossible. Many of 
the networks associated with the pl!Ilyed v.Blls and qanats of the area 
were alro made integral :rarts of the overall design (47). Apart from 
rroviding necessary contributions of irrigation water, the pumying of 
ground water was envisaged rrimarily as a way of maintaining water 
table levels. It was hored that in such areas as east of Gavart and 
around Deh furkh, ground v.ater over-exrloi tat ion could be quickly 
eliminated. The Esfahan Regional Water Authority and the fugreah 
Consulting Engineers agreed that pumred v.ater ehould continue to be 
the rrincipal form of danestic water supply and that these supplies 
should be carefully monitored and guarded against pollution. 
2·2·..?.!. Irrigation Comronent 
Gravity-irrigation was selected because it was the cheapest of the 
. alternatives; it was favoured by the torography of the area; and it 
was familiar to the farmers who had been rractising this form of 
.irrigation for generations. The development of a modern irrigation 
network was envisaged as being rarticularly beneficial in the 
agricultural areas to the east of Isfahan which canbined large 
holdings and nunerous pumred wells. The introduction of modern 
.. gravity-based irrigation in the intensively cultivated areas of the 
region, such as the northern area of the I.enj an rlain, was exrected 
to be a difficult exercise. A schene, emrloying the name and based 
on the concept of "I.e Remembrement" land imyrovement policies 
imylemented in France, was prorosed by the fugreah Consulting 
Engineere to rationalise the comrlex land holding and irrigation 
patterns of these districts [*]. other modes of irrigation, 
[*] This policy is more fully discussed in Section 6.2.5. 
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particularly sprinkler irrigation, which require canrlex and 
.exrensive technology, were not entirely ellininated fran the planning 
process but were reserved for special areas outside the main 
gravity-irrigation network. Sprinkler irrigation was viable in the 
areas characterised by either varied micro-reljef or very flat 
terrain. It wEB also applicable in some of the districts to the west 
of Esfahan which canyrised very small rrorerties (48). 
2·2·22 Drainage Comronent 
The design of the gravity-based drainage network not only 
incorrorated much of the existing kariz system but also included new 
primary and secondary channel£, ditches, drains and collection holes. 
These were planned to collect precipitation and, more im rortantly, 
surrlus irrigation water. Care was taken during the design stage to 
ensure that the water tables could be maintained beneath the roots of 
crors. It \'tRS realised that the drainage network would represent a 
large financial investment, esrecially in the areas underlain with 
materials of poor rermeablity, but it 'W3B exrected to be extremely 
beneficial in areas requiring the efficient evacuation of saline 
ground water (49). 
5.5.3 local Features Of The Madi And f'Jbdern Networks 
- - - - - ---- ..;.._:_ _ .:_...;:.__;._;:__..;:.__ 
Figure 5.16 is a location diagram for Figures 5.17, 5.18, 5.19, 
and 5.20 show the local features of the existing irrigation and 
drainage network and the modern hydraulic infrastructure under 
construction in 1m. :Each of these maps illustrates a develorment 
zone supplied by one of these primary canals transporting water from 
either the diversion dam at Nekuabad, in the south-western corner of 
the lenj an plain, or at Ab shar, to the east of :E.Sfahan. The 
following discussion is subdivided on a similar basis. 
2·2·~ Nekuabad left lank Irrigation And Drainage Sector 
The Nekuabad diversion dam, shown by Figure 5. 17, was built by 
sulrcontractors, the Arfaq Comrany, over a tw year reriod and ·-was 
canmissioned in 1 CJ72 (50). The structure included three systems of 
, automatically controlled sluices and manually orerated gates to 
. divert Y.Rter fran the Zayandeh Rud into tiD yrimary canals supplying 
the left and Right Bank sectors. 
In 1 gn, the left Eank primary canal was still under 
._onstruction and v.Drk had not canmenced on the planned netY.Drks of 
\ 
..maller supply and drainage channels. The primary canal was to be 
65km in length and -was designed to have a conveyance capacity of 
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50cu.m/ s. In canmon with the other channels of the new network, the 
gradient of the left :Eank primary canal was to be approximately 
1:100,000. In 1977, the tunnel section of the canal north of 
Nekuabad through the Kulre-Panj i mCJuntains was nearing canrletion. 
Figure 5 . 17 shoY.B that the left fank primary canal Y.HS to 
supply several secondary canals of various lengths between the 
Kuh-e-Panj i mountains and the Zayandeh Rud in the western rart of the 
lenjan rlain. The madi irrigation channels carried Y.ater 
north-westwards to the networks surrounding the villages of this 
area. Surface VJater irrigation was predominant although a small 
qanat near 'lad did supply some water. Figure 5.17 shows that the 
southern rart of this area of the lenjan plain was supplied by a 
series of madis bringing water fran the Zayandeh Rud in the vicinity 
of Nekuabad, northwards through the gap between the Kuh-e-Panj i 
mountains and the river and into the area around Gologun. Fran 
there, several channels transrorted water to the rlain around 'Iad and 
Oshtorjan and others transrorted water to the irrigated lands 
encircling Eohr Firouzian. Figure 5 .17 shows that the area to the 
north of this Sohr Firouzian was occupied by several large 
settlements and that these were supplied by networks of channels 
carrying water westwards from the Zayandeh Rud. A short secondary 
canal with a corweyance capacity of 120 1/ s was planned to rrov ide 
additional quanti ties to the mad is near Nekuabad. Figure 5.17 shows 
that a direct outlet, capable of providing another 1 20 1/ s to these 
madis, was to be built on the eastern side of the primary canal north 
of the tunnel section. At Gologun, a short secondary canal WclS to be 
excavated which would allow the further ingress of 350 1/ s into the 
madis emanating from Nekuabad. To intensify irrigation in the rest 
of the western area of the lenj an plain, another secondary supply 
canal with a corweyance capacity of 2,050 l/s was planned to the 
north. Figure 5. 17 shows that a small secondary canal was to be 
resronsible for rroviding additional water to the irrigation network 
around Oshtorjan. 
All the secondary canals in oreration in 1977 were unlined and 
large amounts of water were being lost through infiltration. The 
problem was particularly acute in the secondary supply canals 
'"Zrossing the areas underlain by the Zayandeh Rud gravels. ·Planning 
was underway to line these canals with concrete, firstly to reduce 
infiltration losses and secondly, to reduce the width of the canals, 
thereby increasing the velocity and supply of the transrorted water. 
Prefabricated concrete sections were to be used in the construction 
of the secondary supply canals in the Nekuabad left Eank develorment 
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sector. It Y.:as believed that carefully controlled conditions at the 
prefabrication area would be more conducive to the rroduction of 
high-quality concrete than those on-site, particularly during winter. 
The finished canals were exrected to be water tight and almost 
maintenance free. In 1CJ77, madi widening and dredging had just 
vammenced to rermit the conveyance of larger quantities of water. 
This work and the re:r:lacement of lats ( snall dams with sluices used 
to divide madi water) with gates was predicted to be a costly and 
prolonged task. 
A large secondary canal, capable of conveying 4, 220 1/ s, was to 
be the main source of the water· used for irrigating the south-western 
part of the Falvardjan rlain and the south-eastern area of the 
Najafabad rlain. Figure 5.17 indicates that the outlets of water 
fran this supply canal were to be those madis trending northwards to 
the areas around Eagh Vanch and between Qadherijan and Falvardjan. 
The agriculturally unimrortant area immediately to the north of Iagh 
Vanch was to receive only limited quantities of the new supplies of 
irrigation water. The madi and associated channels around Qadherijan 
and Fal vardjan formed a canrlex rattern. Some of the water 
traditionally used in this system was obtained fran the madis 
. originating to the north of Sohr Firouzian. Most of the water, 
however, was transported shorter distances by channels leading 
directly fran the Zayandeh Rud to the east. Figure 5.17 shows that 
around certain settlements such as Dashtlu, there were concentrations 
of madi channels. This area exanrlified the influence of topography 
on madi excavation because around the villages of Esfrahan and 
Vendart, the channels were carrying water in a north-westerly 
direction, north of Karush the channels had a northerly orientation 
and near Huyyeh they were following a north-easterly pattern. 
Figure 5 .17 shows that -west of Eagh Vanch, the primary canal 
was being excavated through the prorosed exransion area around the 
new steel to'W11 of Arya Shahr. Primary and secondary drainage 
channels were rlanned to the north-west of this town to capture and 
transport water flowing routh-eastwards fran the the higher rarts of 
the Najafabad rlain. The two rrimary drainage channels leading fran 
the primary canal near Eagh Vanch and Juzdan were to feed into a 
channel, consisting of a western secondary comronent and an eastern 
primary canronent, transporting captured water fran the west to the 
east, through the intensively irrigated area between Qadherijan and 
Falvardjan, and into the Zayandeh Rud. Outlets of irrigation water 
were planned in the southern central area of the Najafabad rlain. 
Figure 5.17 shows that there was to be direct outlet on the primary 
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canal with a gate admitting 1 ,COO 1/ s into the irrigation netW)rk 
around Juzdan. In 1m, this area was largely derendent on ground 
water, particularly qanat water from the north. A short secondary 
supply canal ms to be excavated to supply the irrigation netwrk to 
the north-east of J1Jzdan. This neh;ork of wall channelE alEO used 
qanat v.ater in 1 CJ77. Another secondary canal with a conveyance 
capacity of 7,ffJJ 1/ E, was planned to take water fran the rrimary 
canal and supply the irrigation netwrk west of Qadherijan. This 
supply canal 'WB.,S to include outlets on both sides and v.as to feed 
into the large drainage channel passing to the north of Qadherijan. 
This primary drain was designed to start to the west of the primary 
canal, continue eastwards to the south of Qal 1 eh Sefid and Zazeran 
and then continue north-eastwards to the west of Valashan to the 
Zayandeh Rud. Snaller drainage channels were to join the large 
channel fran the west. One of the most imrortant arterial channels 
was one planned to follow a parallel course to the north and join it 
to the east of Zazeran. Few secondary canals ";rere rlanned to serve 
the ·unproductive agricultural area in the north central rart of the 
Naj afabad rlain. A secondary canal with a short northern extension 
'WaS planned to take v.ater fran the primary canal and distribute it in 
the area west of Qal 1 eh Sefid. 'Ihe conveyance capacity of this 
network was to be 1,050 1/ s. A direct outlet fran the primary canal, 
capable of supplying 880 1/ s, was prorosed to supply surface "Water to 
this predominantly ground w:1ter irrigated area. Figure 5. 17 shows 
that tw secondary canals, with corweyance capacities of 350 1/ s and 
1, 440 1/ s, and tw direct outlets, capable of supplying 400 1/ s and 
100 1/ s, were planned to rrovide surface water to the area to the 
west of Ashgarabad, an area dominated by large orchards. The eastern 
periphery of the Najafabad rlain and the western part of the 
Falvardjan plain around Kushk and Tiranchi were to receive no water 
from the new primary canal being excavated to the north. The 
numerous outlets on the north side of the canal were to supply the 
madis conveying water into the south-western rart of the Esfahan 
plain. 
Throughout the developnent·zone, drainage slores on the highland 
areas were delimited and given identifiers to assist in their 
managsnent. These slores included imrortant grazing areas and ground 
water supply zones. Figure 5.17 shows the location and identifiers 
of the drainage slores within the Nekuabad Right I:ank sector. It was 
estimated that when canrlete, this development area· would contain 
40,750ha of irrigated farmland and·use approximately 600cu.m/y of 
surface 'tlater and 82 mcu.m/yr of ground mter (51). 
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2·2-32 Nekuabad Right Eank Irrigation And Drainage Sector 
Figure 5.18 illustrates the traditional irrigation and drainage 
networks and the gravity-based hydraulic infrastructure of the lenjan 
and Fal vardjan plains east of the Zayandeh Rud. 
The Nelruabad Fight :fu.nk sector w..s considerably smaller than the 
corresponding left Eank development zone; its projected area of 
irrigated agriculture was 10, S(X)ha. Throughout the entire area 
proyosed for development, the VJa.ter supply was intended to be more 
than 1 1/s/ha. In view of the projected irrigated area of the Right 
lank sector, the primary canal was designed to convey a maximu:n of 
15cu.m/s. On canpletion, the area was exrected to·use 120mcu.m/yr of 
surface VJa.ter and 27mcu.m/yr of ground VJa.ter (52). 
The Right Eank primary canal, shown by Figure 5 .18, was 
approximately 35km in length and was canmissioned in 1 CJ75 (53). In 
1CJ77, it was transporting water around the borders of the eastern 
lenjan J:lain. Figure 5.18 shows that the first secondary canal it 
supplied VJa.s to the west of .Ad erkan which had a conveyance capacity 
of 4,450 1/s. The design of this canal was typical of the other 
secondary canals seen in oreration in the Right Iank development zone 
in 1CJ77. A large steel gate was being·used to control the inflow of 
water into the canal fran the :primary canal. In the Aderkan supply 
canal, two s:nall gates were ·used to divert some of the water 
downwards into 5 madi channels. static regulators, small ''U" shaped 
weirs, were situated downstream of both these gates in the secondary 
canal to maintain its water flows at constant levels. The surplus 
'Water flowed back to the Zayandeh Rud. The lats, used to divide the 
water fran the 5 mad is into shares for 1 7 villages, were to be 
. replaced by small gates. Figure 5. 18 shows that VJa.ter ·'WaS being 
directed into madi channels to the west of .Aderkan by a gate which 
could divert a maximun of 360 1/ s fran the primary canal. Another 
secondary channel with a conveyance capacity of 620 1/ s and two gates 
with capacities of 360 1/ s and 560 1/ s were similar 'Waterways to the 
east. Apart fran a limited nun'ber of madi channels originating fran 
the east bank of the Zayandeh Rud, most of the madi channels 
bUpplying the irrigated areas of the eastern area of the lenjan plain 
spread out from near its southern border. The villages receiving 
water from the .Aderkan secondary supply canal and its associated madi 
channels were distributed throughout the western and central rarts. 
Figure 5. 18 depicts the secondary canals and direct outlets that 
were supplying the Deh Sorkh area situated in the south-eastern 
corner of the lenjan plain. The provision of good-quality irrigation 
water in this saline area 'WaS intended to assist in its reclamation 
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and to suprort productive irrigated agriculture. It was ho:red that 
the environmental damage caused by ground water over-ex:rloitation 
could be re:raired. A can:rrehensive systen of channels, including a 
primary canal and a number of smaller secondary and tertiary drains, 
had been excavated to evacuate saline ground water fran this area. 
In 1 CJ77, the drainage network in the Deh ~rkh area and in the rest 
of the eastern area of the Lenjan :rlain was almost camrlete. The old 
kariz drainage system was an integral :rart of this new netwrk. 
Figure 5. 18 shows that alongeide the western section of the primary 
drainage channel, was a secondary canal Y.hich was supplying snall 
am0unts of water to the irrigation network of this area. Small 
secondary canals and direct outlets along the eastern side of the 
primary supply canal alro :rrovided this area with water. 
Figure 5. 18 indicates that the Right Iank primary canal 
rejoined the Zayandeh Rud west of Asht Eadi. The mad i irrigation 
network of the Fal vardjan :rlain extended fran the primary canal 
northwards to Dombeh and consisted of innumerable :rrimary, secondary, 
tertiary and quaternary canals. Most of the water in this old 
network was being supplied by two large maiis: the M3di Shah, along 
the southern and eastern banks of this area, and the IVadi Shahabad 
Y.hich extended northwards from the 
,immediately to the Y.€st of Dombeh. 
modify these mal is so that they could 
rrimary canal to the area 
In 1977, it ~~ intended to 
supply large quanti ties of 
water to the eastern area of the Falvardjan :rlain. In fact, outlets 
retY.Ben the primary canal and the mad is had been constructed. The 
conveyance capacities of the Shahabad and Shah mad is were to be 5,150 
l/ s and 1 , 630 1/ s, respectively. 
In 1CJ77, the new irrigation and drainage network in the Nekuabad 
Right Iank develo:rment ·rone appeared to be wrking successfully and 
beneficially. Initially, the farmers were slow to understand the 
workings of the new systan, particularly its nu:nerous gates and 
structures. The farmers interviewed, however, were in favour of the 
new system because water was available even Y.hen the Zayandeh Rud w-as 
low. The Esfahan Regional Water Authority rapidly established an 
efficient systan for o:rening and closing the gates according to 
individual irrigation requirenents. Farmers were being encouraged to 
visit the headquarters of the Bsfahan Regional Water Authority to 
discuss their annual irrigation rrogrammes with officials. In 1977, 
the Tomar was still being consulted to determine ~ater shares and 
only in excertional cases were charges levied for water obtained fran 
the new network. In these instances, a fee of 0. 5 riale/ cu .m was 
.t.:harged but farmere using snall anounts had been :rranised free water 
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until 1 CJ37. The officials stated that until the left lank 
d evelopnents were can rlete, the Tomar system could not be 
satisfactorily replaced by a new water sharing and water rr1c1ng 
::cheme. A canruter was to be installed in the Esfahan Regional Water 
Authority to assist in the storage and analysis of the irrigation 
rrogrammes presented by the farmers and in the control of the orening 
and closing of the numerous gates of the new network . 
.2.:.2· 33 Abshar left lank Irrigation And Drainage t'ector 
The Abshar barrage was canrleted early in 1 Y73 and the left Iank 
primary canal was finished in 1 g-{6 (54). The left lank sector had a 
projected irrigated area of 15,300ha and it w.as estimated that when 
fUlly develored, it would "USe approximately mcu.m/yr of surface water 
and 19mcu.m/yr of ground water (55). 
Figure 5. 19 shows that the Abshar left Iank primary canal was 
transporting "Water fran the diversion dam north-eastwards, around the 
largest of the Gavart outliers, southwards through the eastern area 
of the Kararedj rlain and then east-wards, north of the Zayandeh Rud, 
through the southern area of the northern rart of the Iaraan rlain. 
In 1 Y77, small quanti ties of Y.'B.ter -were being transferred through 
direct outlet gates into the irrigated areas south of Khorasgan. To 
the north of this settlement, secondary canals were being camrleted 
to supply much needed surface water to the farmers who ·were largely 
derendent on ground water. Figure 5. 19 shows several outlets -were 
intended to supply the camrlex of existing madis north-east of 
Khorasgan. The tw main secondary canals of the new netwrk were 
designed to comey 2, 940 l/ E and 500 l/ s. 
In the Karardej rlain, the Abshar rrimary supply canal had been 
excavated along an old madi channel and this had supplied the 
traditionally used channels conveying water through the Gavart gap 
between the outliers. In 1977, small quanti ties of water were being 
discharged fran the primary canal into these waterways. The 
agriculture of the saline area to the east of Gavart had been 
severely affected by the over-exrloitation of ground water. In 1g-{7, 
a new drainage system consisting of a large primary channel and a 
smaller secondary drain, connected to a similar system draining the 
northern part of the Iaraan rlain, was being excavated. This was 
designed to capture the saline underground water flowing fran the 
aquifers of the Esfahan rlain and the northern rart of the Kararedj 
plain and to accelerate their evacuation into the Zayandeh Rud. 
The camrlex network of madi channels in the northern rart of the 
Baraan plain rrobably develored because of the need to transfer 
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limited quanti ties of water fran the Zayandeh Rud to the numerous 
large and anall rrorerties of this area. Mod of these channels ran 
eastwards parallel to the course of the Zayandeh Rud and deviations 
in their courses indicated minor relief variations. ~raditionally, 
the channels in the western and central rarts of the Earaan rlain had 
derivEd water fran a series of mad is originating in the area of the 
Kararedj rlain east of the Zayandeh Rud. Figure 5. 19 shows that 
secondary canals had been designEd to supply both these contiguous 
areas with additional supplies of surface water. The secondary canal 
in the Kararedj rlain had a conveyance capacity of 1,150 1/ s whereas 
the Iaraan secondary channel had a capacity of 2, 450 1/ s. Figure 
5.19 sho~ that the northern reriphery of the Earaan rlain, 
traditionally used for the collection of degraded irrigation water, 
was servEd by part of the new left funk drainage netiDrk. The saline 
water collecting there in 1 CJ?7 was being transferred, by an array of 
existing kariz channels and new secondary and tertiary drains, to a 
large :primary waterway. This was transrorting the rolluted water to 
the Zayandeh Rud in the eastern rart of the plain. The madi channels 
of the areas bordering the Zayandeh Rud and in the central areas of 
the northern Iaraan rlain were supplied by direct outlet gates fran 
the rrimary canal. A small secondary canal ~1th a conveyance 
capacity of 350 1/s and a direct outlet gate delivering·up to 910 1/s 
were supplying the network of madi channels in the eastern rart of 
the area in 1CJ77. The·underground flows of this area were also being 
collectEd by a camrrehensive drainage network and were being 
transferred into a new primary channel. 
1_. 2· 34 Abshar Right ::Eank Irrigation And Drainage Sector 
Figure 5. 20 shows that the mad i irrigation systEm supplying the 
southern agricultural areas of the Kararedj and Earaan rlains 
canrrisEd numerous lats and channels. The irrigation undertaken in 
the southern Kararedj rlain was based on water derivEd from madi 
channels running routhwards fran the Zayandeh Rud, in the vicinity of 
the village of Shahrestan. In the past, there was little irrigation 
in the Margh depression because of its saline soils and ground ~Bter. 
There were mad is, however, that transported riverine water eastwarde 
fran the Karared j rlain, along the northern border of the IVhrgh 
depression and into the south-western area of the Iaraan rlain. In 
~ammon with those to the north, the madis of the southern Iaraan area 
trendEd in an easterly direction around anall relief irregularities. 
Some parts were irrigated with water derivEd by qanats fran the 
aquifers in the alluvial fans bordering the Shah Kuh mountains to the 
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south. 
The southern areas of the Kararedj and Iaraan rlains wBre being 
transformed in 1977 by the developnent of new irrigation and drainage 
networks. In 1976, the Ab shar Right Iank primary canal was 
commissioned (56) and in 1977~ this waterway was transporting water 
fran the Abshar barrage southwarde along the western border of the 
Kararedj rlain, the northern border of the Margh depression and the 
southern border of the Earaan ylain. When camrleted, the Abshar 
Right lank developnent zone was estimated to contain 12,CXXlha of 
irrigated land ·using 220mcu.m/yr of surface water and 27mcu.m/yr of 
ground water (57). 
In 1977, a small secondary canal and a series of direct outlet 
gates were supplying irrigation water to the area of the Kararedj 
ylain bordering the Zayandeh Rud. Figure 5. 20 show that there were 
gates along the primary canal and a secondary canal to provide water 
to the saline Margh depression. In 1977, the oreration of this 
network was hindering rather than facilitating the reclamation of 
this area. During the summer months of that year, the· \'Jater levele 
in the p-imary canal were lower than rlanned and the various gates 
were not orened and closed appropriately. In fact, only 10% cf the 
water being ·used in the reclaimed area was being supplied by the 
netwrk in 1977. Most of it was being obtained from rum red 'W8lls. 
The surface \'Jater that was acquired was mixed with the roarer quality 
ground water for irrigation rurroses and ·used to recharge the 
underground water. 
~aditional irrigation was being ·undertaken in the Margh 
depression in 1977 but sprinkler irrigation was also being attemrted. 
The Israeli specialists, who were supervising the reclamation and 
irrigation of the area, believed that sprinkler irrigation was more 
efficient than traditional methods because the water could be more 
carefully controlled; the numerous snall channels, dams and banks, 
which imyeded large-ccale mechanised cultivation and the exyense of 
labour and equipnent needed to level the land were no longer 
~equired; overall labour requirements could be reduced; and the water 
losses through unlined channels could be avcided. The sprinkler 
system being emyloyed had a nunber of drawbacks including the large 
capital outlay required to cover the high cost of the many pipes, 
jets and rumrs; the distribution rroblems caused by winds; and the 
need to store the camronents carefully when not in use. The 
sprinkler system was one of the simylest available but the local 
farm-workers found the system too camrlicated to understand and the 
equipnent and its maintenance had to be repeatedly exylained. 'lhe 
sprinkler and traditional methods of irrigation had 
effectiveness in leaching salts from the soils. 
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similar 
In 1CJ77, a large comyrehensive drainage network, comrns1ng 
nunerous secondary and tertiary channels, was nearing comrletion in 
the flttrgh derression. This network was designed to collect and 
convey saline underground water into a rrimary drainage channel 
trans:p::>rting such water eastwards from the southern area of the 
Kararedj rlain into the Zayandeh Rud. Figure 5.3J shows the ylan of 
this network and indicates that the final section of primary drain 
~ to run rarallel with a small secondary supply canal. This 
waterway was providing supple:nentary water to madi channels in 1 CJ77. 
At that time, direct gate outlets and two other secondary supply 
canals were supplying the central areas of the southern !araan rlain. 
In 1977, the irrigation and drainage network to the east of the 
primary canal was not can rlete. Figure 5. 3J shows that a secondary 
supply canal and a net~urk of primary and secondary drains were 
planned for this area. 
2·~ CONClUSIONS 
From the preceding analysis, it is clear that the imrort of Western 
ideas and technology transformed the Esfahan region at a rate 
hitherto unknown. Accertance of the ingenuity and rower of Western 
technology obscured the need to safeguard the environment. For 
examrle, the creation of hundreds of pumyed wells led to ground water 
recessions in many areas and the deterioration of the once 
camyrehensive qanat network. In 1CJ77, functioning qanats were only 
numerous in the southern area of the Ochian rlain, the Najafabad 
rlain and in the northern and eastern areas of the Esfahan rlain. 
The provision of ambitious legislation and the establishment of 
a large, related bureaucracy during the Pahlavi regime 'was designed 
to rationalise 'M3ter ownership and allocation, facilitate develorment 
and increase government control. In 1CJ77, in the Esfahan region, the 
Tomar, a traditional gyste:n of water rights, still survived. 
Considering that the Sogreah Consulting Engineers, who bad largely 
been responsible for the stages involved in the creation of the new 
irrigation and drainage infrastructure, were withdrawn during the 
Revolution in 1CJ78, it see:ns likely that the extension of the related 
syste:n of water division ~111 have ceased. Fresumbably, the Tomar is 
continuing to be applied or is perhaps even regaining its former 
dominance in areas briefly subjected to the new sche:ne of water 
sharing. Perhaps the bureaucracy of the country is largely defunct 
and that the farmers of the region are now attemrting to use an 
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incomrlete irrigation and drainage network with little advice or 
overall control. DetailE of the problemE currently facing 
agriculture are, as yet, unknown but it is bored that the outflo~B 
from the Shah Abbas dam are being controlled and that the userE of 
irrigation water rrovided by the orerational sectors of the new 
hydraulic infrastructure are coring successfully with the maintenance 
and repair of the channele, gates and eluices and are satisfactorily 
resolving rroblems of water sharing. 
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CHAPTER SIX 
AGRICULTURAl, PATTERNS 
6. 1 INTRODUCTION 
The 1974 Agricultural Survey suggested that the area of cultivated 
land associated with the 741 data points[*] was 98,078ha including 
96,796ha of irrigable land [**]. More comprehensive statistics, 
provided by the Ministry of Agriculture, suggested a total of 
114, 500ha of cul t iva ted land in the region in 1 972 , and an annual 
average irrigated area of 34, 600ha ( 1 ) . The Sogreah Consulting 
Engineers estimated, however, that in 1972 there were approximately 
58,000ha of irrigated land in the Nekuabad and Abshar Left and Right 
Bank development zones (2) [***]. 
~·l·l Economic Aspects 
During the 1960s and 1970s, the agricultural economy of the Fsfahan 
region had expanded with the growing competence of the agricultural 
workers, farmers, merchants, and business managers, with the 
utilisation of a comprehensive irrigation network and with the 
provision of a regular and steady supply of water by the Shah Abbas 
dam. The yields of cereals, rice, sugar-beet and fruit were amongst 
the highest in Iran (4). The rise in population, particularly in the 
region's urban areas, stimulated the demand for agricultural produce. 
By 1977, well-equipred agricultural industries, including 
sugar-refineries and credit facilities, had also been established. 
Official statistics relating to the agricultural economy of the 
,region were not available in 1977. As the only published statistics 
were concerned with the ostan administrative zone (5), the 
agricultural activities of the study region situated within it could 
be assessed only approximately [ ****] . In 1972, the Os tan of Fsfahan 
accounted for about 5.8%, equivalent to about 5.7 billion rials, of 
the total agricultural production (crops and livestock) of Iran. Its 
~ontributions to national livestock and crop production were 6.7% 
and 3.1%, respectively. Within the Ostan, the figure of 75.8% for 
[*] PoPUlation, agriculture, water use and other characteristics of 
~om~ or these centres are detailed in Chapter Seven. 
L ** J The 1 CJ74 Agricultural Survey data set includes both individual 
values for total cultivated area and the irri1ated areas ~t e~h data 
point and the overall estimates of 98,0 8ha and 9b,79bha were 
pbta~ned by adding the respective values toge her. 
L *** J In 1 972, the Sogreah Consulting Engineers found that there 
were approximately 8,000ha of uncultivatea land, over 4,000ha being 
si tuatea within the main irrig_ated areas of the Esfahan r~_gion. This 
fenE?rally infe~ile land was the responsibility of the Ministry of ~H<ifa ture < 3 . AgricUl rally, the Fsfahan region was by far the most 1mpor ant area of the ostan zone. 
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crop production was slightly more than three times the 24.2% for 
livestock production. Esfahan was the seventh most important Ostan 
in Iran in terms of income from agriculture (6). 
6 01 • 2 Planning Aspects 
The modernisation and development of the agricultural economy of the 
Esfahan region, in 1CJ77, was the subject of two separate sets of 
planning proposals. The Ministry of Agriculture with the assistance 
of the British consultants, Bookers Agricultural and Technical 
Services Limited and Hunting Technical Services Limited, completed 
the National Cropping Plan in 1CJ75. The Plan's proposals for raising 
agricultural productivity included the provision of general advisory 
information on new crop types and rotations, irrigation, soils and 
salinity, developnen t models, agricultural labour and farm 
organisation (7). A series of 20 documents was issued by the 
Ministry of Agriculture in association with Bookers Agricultural and 
Technical Services each concerned with designated agricultural 
developnent zones. According to the Ministry of Agriculture, "the 
object of each report is to recommend patterns best suited to the 
specific resources available at every pole as these could not be 
provided in the more general National Cropping Plan"(8). The report 
concerned with the Zayandeh Rud pole was completed without any 
further detailed field investigation (9). 
The Sogreah Consulting Engineers' recommendations on the 
adoption of modern agriculture were based on detailed local 
knowledge; these complemented the plans being implemented for the 
further rationalisation and development of the existing irrigation 
system. To reduce labour requirements and to increase profits, 
mechanisation was recommended, especially in the less densely 
populated areas of the region where large land units predominated and 
forage, cereal and sugar-beet cropping was important (10). To 
develop new marketing outlets for expanding agricultural output and 
to provide employment for those workers displaced by mechanisation, 
more agricultural and subsidary industries were to be established 
(11 ). The provision of experimental farms, the popularisation of 
agricultural knowledge and the rationalisation of the agricultural 
supply system were integral parts of these plans (12). These schemes 
were to be implemented mainly in the areas of the Nekuabad and Abshar 
Left and Right Bank developnent zones so that as the efficiency of 
the region's irrigation system improved, the annual irrigated area 
could be extended to 116,000ha by 1SB7. It was hoped that by then, 
mechanised farming would be practised on 40% of the area ( 13). 
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Agricultural production increases of between 10% and 30%, depending 
on crop ~' were envisaged as the results of improved soil 
preparation, seeds and fertility and salinity control (14). It was 
proposed that the various credit requirements for the development 
should be handled by the Co-operative Agricultural Eank, Agricultural 
Development Office and Bank Saderat (15)o The Sogreah Consultants 
estimated an inccme of 4,QCX) million rials for agricultural 
production in 1972 and believed that it would rise to 6,250 million 
rials by 1 g37, an increase of 36%. These figures were based on 
predictions that the average profit per hectare of irrigated land 
could be raised by the implementation of these plans to approximately 
61,000 rials. Furthermore, it was estimated that by 1987, the yield 
,from the proposed agricultural industries would rise by 1,500 million 
rials and that from agricultural productivity by 4, 750 million rials 
(16). It seems probable that, with the overthrow of the Shah, these 
ambitious plans were withdrawn. 
~-l·L Environmental Aspects 
The diverse environmental conditions of the Esfahan region clearly 
influenced the agricultural practices adopted. In 1977, field 
observations indicated a marked contrast between the areas west and 
east of the city. The western area generally had fertile soils, 
adequate irrigation, intricate patterns of cropping and land 
ownership, and well-defined lushness, productivity and signs of 
prosperity. On the other hand, the eastern area, and particularly 
the plain of Rudasht, was characterised by flat topography, a harsh 
climate, extensive areas of infertile, saline soils, and simple 
cropping and land ownership patterns. 
6.2 PATTERNS OF LAND-OWNERSHIP 
6.2.1 Land Reform 
The Esfahan region was affected by each of the three phases of land 
reform implemented nationally by the Pahlavi regime. In 1977, the 
land ownership patterns of the area, therefore, showed how these 
innovations had made their impact on long established practices. 
According to the Sogreah Consulting Engineers, "apres 10 ans .• le 
.contrast est frappant entre les parties a l'Ouest et l'Est d'Esfahan" 
(17). The western area was generally divided into small plots and 
was more intensively cultivated than the area east of the city where 
large land units predaninated. 
Five different forms of land exploitation were in operation 
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throughout the entire region. Many land owners had either inherited 
their land or acquired it as a result of land reform. Renting and 
share-cropping were widespread and many peasants farmed for a 
middle-man or landlord. The region's system of land ownership was 
investigated in 1CJ75 by the Sogreah Consulting Engineers and their 
results, which are shown in Table 6.1 , were obtained from a sample 
of 83 data points situated throughout the irrigated area of the 
region being developed [ *]. 
6.2.2 Peasant Holdings 
Land reform had altered the patterns of land ownership, particularly 
in the eastern part of the region. Table 6.2 categorises the 
peasant holdings derived in that way in the Baraan plain. Landlords, 
however, still owned 78% of the land of the Baraan plain north of the 
Zayandeh Rud and 83% to the south. On average, the peasants owned 
more land in the Kararedj plain. In some villages like Rashnan, the 
peasants owned a full 25% of the total area. The peasant land 
holdings varied greatly in size, from 20ha to less than 1ha but most 
were between 1ha and 2ha. 
The Sogreah Consultants found that, in general, the peasants 
east of the city owned approximately 33% of the farm land, whereas to 
the west, they owned almost 77% ( 18) [ **] . In the Fsfahan plain, the 
proportion of land owned by the peasants was comparable to that in 
the southern part of the Baraan plain. In several villages, for 
example Jolmarz, the peasants owned only 2Cf/, of the total area. The 
largest shares were generally between 10ha and 15ha and the smallest, 
less than 0.5ha. Most peasant properties were 3ha to 4ha. In the 
area of the Falvardjan plain, to the east of the Zayandeh Rud, the 
largest land share was not more than 5ha, the smallest was 0.1 ha and 
the majority were around 1 .5ha. To the west of the river in the 
Falvardjan and Najafabad plains, most of the peasants owning land had 
between 2ha and 5ha. Such variation also existed in the Lenjan 
plain. In the important market gardening area in the northern part 
of the plain, peasant-owned small holdings greater than 2ha were 
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rare: most were between 0.2ha and 0.6ha. The peasants' shares of 
land were generally greater in the villages outside that zone of 
intensive cultivation. The largest holdings were between 8ha and 
9ha, although most of the peasants had shares ranging between 2ha and 
4ha. In the southern part of the Lenjan plain, the peasants' lands 
were generally less than 5ha and some even less than 0.5ha in size. 
f
*] This table and the following related tables were transcribed from 
h1j report. 
** The phases of Iranian land reform are outlined in Chapter 1 , 
page 3. 
Table 6.1 
r============1975~=R~~~it~=or=E~~d=R~r~~~=r~=!h~=a3=s~pi~=viii~g~~==========r 
+==========================+================+================+===============+ 
. 1 1 Villagerf 1 Landlordf 1 1 
1 1 Lands* 1 Lands** 1 Total 1 I Study +-----------+----+-----------+----+-----------+---+ 
1 Areas* : Hectares : % : Hectares : % l Hectares : % : 
+-~-------------+-------+---+--------+---+~--------+---+ 
: North Baraan Plainl 629.0 122.51 2166.0 177.51 2795.0 l100l 
+--~~-----~~----------+------~--~-~-+----------+---~~~------~---+ I South Baraan Plainl 1140.3 137.51 1921.6 162.51 3061.9 11001 
+-----~-------------- - I -------~--+------ -+----------+---+ Kararedj Plainl 771.6 145.01 928.0 155.01 1699.6 11001 
+----------------·--+---------+-- I -----1- I • - -----+---+ 
: Esfahan Plainl 1152.4 133.01 2298.3 167.01 3450.7 11001 
+--------------+- --+- __ , -------+--+----~--+ I East Falvardjan Plainl 2087.8 165.01 1112.1 135.01 3199.9 11001 t------- - I ------+-- I -------+-- I • ·------+---+ 
1 West Falvardjan Plainl 3210.0 186.01 508.0 114.01 3718.0 11001 
+-----·----- --+-- I ------+----+------+--+ l North Lenjan Plainl 3956.3 175.01 1301.0 125.01 5257.3 11001 +----- -----+- I -------~ - t --------t---+ lNorth-Central Lenjan Plainl 1143.9 192.01 97.5 I 8.01 1241.4 .1001 +--------- -+-------+-----+---------+---+--------+---+ 
:south-Central Lenjan Plainl 422.7 151.01 400.4 149.01 823.1 11001 +----·-- ----+--- ---- ------+----+-----+---+ South Lenjan Plainl 828.1 185.01 139.9 114.51 968.0 11001 
+----- -- I --+ I Ochian River Valleyl 1102.7 176.01· 352.3 124.01 1455.0 11001 
+--------------------------+-----------+----+-----------+----+-----------+---+ ~----------survey-rotais---:-16444:a---:6a:o:--;;225:1--:4a:a:--27669:9--l,ool 
+============================================================================+ \Source: So~reah Consulting Engineers). 
*The survey undertaken by the Sogreah Consulting Engineers did not 
include the areas irrigated with groundwater to the south of the 
Zayandeh Rud in the Ochian region or the Rudasht plain. 
**These estimates refer to land either received by villagers during 
reform or owned by small village property owners, known in Persian as 
"khurdeh malik". 
***These figures refer to land retained by landlords after reform. 
The Sogreah Consulting Engineers applied the term "landlord" to 
owners of large properties or certain khurdeh malik living outside 
villages. 
Table 6.2 
+=========================================+ jl975: Land Holdings Received By The 1 
1 Villagers Of The Baraan Plain 1 
+--------------+----------+---------------+ ~---Hectares---~--Number--:---rotai-irea--: 
+--- - -- _, ----+-----------+ 
1 -to 1.o 1 301 1 2~.s 1 I 1.1 to 2.0 I 462 I 8 .1 I 1 ~:1 ~g ~:8 I 4~ I l~1 o:~ I I ~.1 to ~.0 1 1 1 ~·ij 1 I 5.1 to .9 I 4 I 3 .2 I 
1 10.1 tO 1 .0 1 1 I 19 .o I 
+--------------t----------+---------------+ :-sampie-rotais~---262----~-----971:6-----: 
+-----------------------------------------+ <source:-sogreah-consuiting-Engineers5:---
'· 
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In the Ochian plain, the peasants' holdings rarely exceeded 4ha and 
the average size was approximately 1ha. These patterns of peasant 
land ownership, governed by the traditions of inheritance, will 
probably evolve rapidly in the next few years. There is a grave 
danger of fragmentation ( 19). 
~·~·l Landlords 
The Sogreah survey included 11 ,eooha of land owned by landlords. 
Moreover, 7,380ha, 63% of that survey area, were owned by landlords 
with holdings of more than 10ha (20). Reference to Table 6.3 
reveals that much of the land in the southern and northern parts of 
the Baraan plain and the Kararedj plain was divided between landlords 
~ho had more than 10ha. In the eastern and the western parts of the 
Falvardjan plain, the Ochian plain and in the Fsfahan plain, the 
greater part of the land owned by landlords was distributed in small 
units between 1ha and 10ha. Holdings of more than 500ha were rare 
and only occurred in the eastern part of the region. The 
concentration of properties of less than 50ha was much greater to the 
west of F.sfahan than to the east. Table 6.4 refers to the land 
. rented by the peasants from landlords: 76% of such land existed in 
,the east and 22% in the western part of the region. The rents 
charged varied from locality to locality depending mainly on soil 
fertility and accessibility to irrigation water. The highest rents 
were approximately 10,000 rials/ha/yr and the lowest were about 5,000 
rials/ha. 
~·~·± Share-Cropping 
The forms of share-cropping found throughout the region also varied. 
In some villages, the landlord provided land and irrigation water and 
paid for half the cost of labour or the cost of a tractor, half the 
cultivation costs and the entire cost of transporting the produce to 
market (particularly in the case of sugar-beet). In other cases, the 
share-croppers paid half the labour costs, costs for cultivation and 
transportation costs for the crop. There were some peasants who had 
to pay the entire labour costs. Where sugar-beet was cultivated, the 
landlord normally received financial advances from the sugar-
refinery (e.g., 10,000 rials/ha) and distributed them to his 
share-croppers. Rather than allocating all their land to 
share-cropping, some landlords preferred to rent or cultivate part of 
it. Table 6.5 shows the hectarages of land exploited directly by 
the landlords at the 83 sample data points. Table 6.6 summarises 
.the research undertaken by the Sogreah Consulting Engineers on the 
Table 6.3 
+===========================================================================+ : 1275: Landlords' Holdings* : 
+----------------------------+--------------+------------------+------------+ ~---------;~:~~-~:::--------~E~~~a~~~~~~g~~~~~~~~~-?~~rtt8si;~:~~~~:~:-i 
1 1To Landlords1 Hectares** 1 t%) 1 
t---------------------------:t--------------+------------------+------------+ 1 North Baraan Plain1 2166.0 : 1598.9 : 74 : 
+-------~--------------------+--------------+-------------~----+------------+ : South Baraan Plainl 1921.6 : 1921.4 : 100 : 
t-------------------------- -r--------------+------------------t------------+ 1 Kararedj Plain1 928.0 : 908.0 1 98 : 
t----------------------~~--:t---------~----+------------------+------------+ 1 Esfahan Plain 1 2298.3 : 847. 1 : 37 : 
t--~-~~-------------------:t~-----------~~-~~----~~--~~-----------+ 1 East Falvardjan Plain1 1217.1 1 502.0 1 41 : 
+----------------------------+--------------+------------------+------------+ : West Falvardjan Plainl 568.0 : 120.0* : 21** : 
+--------------------·--------+--------------+------------------+------------+ : North Lenjan Plainl 423.7 : 325.4 : 77 : 
+----------------------------+--------------t ------------+------------+ : North-Central Lenjan Plain I 139.9 1 58.3 : 42 ·: 
+---------- ---- + -------+ ---------+----------+ : South-Central Lenjan Plain! 97.5 : 97.5 : 100 : 
+ ---------+------------+------------------+------------+ : South Lenjan Plain! 1687.7 I 962.1* : 57** : 
+-------- -----;-:;:t--------- =t --------+------------t : Ochian River Plain1 352.3 1 38.2 : 11 1 
+----------------------------+--------------+------------------+------------+ ~----------sampie-rotais-----~---,,8oo:1----~-----737a:9-------:----63** ____ : 
+---------------------------------------------------------------------------+ <~ource:-so8reafi-consu1Ein8-Ensineers5:-------------------------------------
*These estimates include the land acquired by landlords during reform 
and the peasants' holdings they subsequently bought. 
**A minimum figure was given by the Sogreah Consulting Engineers 
because they found it impossible to make an exact evaluation. 
Table 6.4 
+-------------------------------------------------------------------------+ ~-------------1975~-?roperties-aeionging-ro-candiords•--------------------: 
+=============+===================+===================+===================+ I IEastern part of theiWestern part of thel Entire area 1 
1 Hectares 1 study zone. 1 study zone. 1 of study zone. 1 
! :- N~ber :Hectare; l Number ! Hect~--N~b;;-1 Hect;;~;!' 
+-- 1----- ----+------+------+--------I • ·--+ : 10.1-50.0 : 37 : 1070.4 : 19 : 571.0 : 56 : 1641.4 : 
+-• ---- ------ I ----+-------+ -+---- ---+- ••• I 
: 50.1-100.0 : 8 : 616.7 : 3 : 232.5 : 11 : 849.2 : 
+-------------+----------+---- -----1 ----·---1 -- -I ----+ : 100.1-300.0 : 11 : 1873.5 : 6 : 1300.0 : 17 : 3173.5 : 
+-------------+-- --+ ·- --+- -+-------+------+--------+ : 300 • 1-1 000 • 0 : 3 : 1714 • 8 : : : 3 : 1714 • 8 : 
+-------------+----------t--------+----------+--------+----------+--------+ :sampie-rotai5:---~59----~-5275:4-: ____ 28----:-21o3:5_: ____ 87----:-7378:9-: 
+-------------------------------------------------------------------------+ <sogreah-con5uiting-Ensineers5:-------------------------------------------
*The hectarages of land belonging to the landlords and the hectarages 
to which they were legally entitled were found by the Sogreah 
Consulting Engineers to be generally disparate. Although most of the 
landlords had subdivided their estates between themselves and 
villagers in accordance with the legalities of land reform,it was 
found that many had subsequently reconsolidated their former 
properties and were either cultivating or renting them to others. 
Hence many landlords, although officially recognised as having less 
than 10 hectares of land,in fact had authority over greater areas. 
Table 6.5 
+-------~~----------------------------------------------------------------+ I 197 5: Land Directly Exploited By Landlords l 
+---------------------------+------------------+---------------+-----------+ I Areas 1 Lands Owned By I Land Dtreqtly IProPQ~tionsl 1 1Absentee Landlords 1 Explolted 1 - Lo) 1 
+----- ---------------------+--- - -----------+---------------+-----------+ l North Baraan Plainl 2003.0 l 606.9 l 30 I 
+- ------- -------+------------------t----------- ---+-----------+ I South Baraan Plainl 1921.6 1 385.6 l 20 I 
+---------------------------+------------------t---------------t-----------+ l Kararedj Plain l 798.0 1 221.0 1 28 l 
t-----------------------~------------------t---------------t-----------t 1 Esfahan Plain1 2282.3 1 635.7 1 28 1 
+----------------------- -·---------- -------+---------------+-----------+ l East Fal vardjan Plain l 968. 1 l 642.5 l 66 l 
+-------- ------ - ~ ----------------+---------------+-----------+ l West Falvardjan Plainl 508.0 l 318.0 l 63 l 
+--------· - ----------- -+------------------+---------------+-----------+ l North Lenjan Plain\ 1201.0 I 631.0 I 53 I t------- ---------------;:t------ ------t---------------t-----------t 1 North-Central Lenjan Plain1 97.5 1 97.5 1 100 1 
+---------------------------+------------------+---------------+-----------+ I South-Central Lenjan Plain\ 400.4 l 375.0 I 94 l 
+- -------- -- ---·-------------- --+---------------+-----------+ l South Lenjan Plain\ 139.9 l 73.3 l 52 I 
+------------- -----------+----- ----------+---------------+-- ---+ l Ochian River Valleyl 345.4 l 190.8 l 55 l 
+---------------------------+------------------t---------------+-----------+ :--------sampie-rotais------~-----16665:2------~----4177:3-----~----39 _____ : 
+--------------------------------------------------------------------------+ <source:-sogreah-consuftins-Engineers):------------------------------------
Table 6.6 
+========~=======+ I ~ I I 1975: I 
I OC +---------------------~~------+-------~ 
1 Larl Exploitatirn l The Larl Mtivata:i By Villagers I The Larl ) The.Larl l 
-r-=========-=t!Lal::i:--":""""'a...red=:-t:-jl.arl--:-S'lare--:--~1 ~,_,;;,.---+! Mtivata:i 1 MtiByvated -t--~--t 
I cy.,vlu ~~ 1'"", I w. I 1i ~~, I Pro~ I '"""" I 'lio~~, I ...,........,., 111 = l"".f. .......... I au cr I 01.<11. I rroparw I l'f..l,.. I '1.<11. 
1 lvill.c:gt::r-.::~- 1ra1 • 1 , ()...ri:rsH ,Villagers** 1 
! I Hectares l% IHootares I% IHootcres l% IHootares I% l!ie::tares l% I Hootares l % : 
I I 1321 I I Ea5.9 1231 512.5 I I I I ,2), 826.6 I I 1455.6 ,57, I I 12) I 2575.0 1 100: 
! &luth B:raa1 Plain****! 1140.3 I I ,39, 275.8 ho! I I 1416.1 ,49, ll5.6 I I ,13, 1113.7 I I I I ,38, 2915.4 ,100, 
\ Kcrcre:ij Plain! 771.6 I I I a' I I 221.0 !13! 571.0 I I I I ,45, 13).0 I I W7.6 ,53, ,34, 1($9.6 ,100, 
! F.sfcilan Plain ! 1152.4 I I I I ,34, ll53.2 ,39, I I 2505.6 ,73, 635.7 ha! J)3.4 I I l1 I I 91 3450.7 I ,00, 
I I ho! I I 642.5 12)1 105.0 I I I I ,f:6, 325.6 2413.4 ,76, I I I 41 3150.7 ,1001 
! W:st Falvcrdja'l Plain!3210.0 I I I 51 I I 318.0 1 81 co.o I I I I ,ffil 19J.O I I 3400.0 ,go, I I I 21 3778.0 ,1001 
1701 70.0 I 11 I I 631.0 !12! '136.7 I I I I I I I I 4026.3 m, ,17 I 5644.0 ,100 I 
!~ l.aljcn Plain! 1143.9 1921 I I I I CJ7.5 1 81 I I I I I I 1- I 1143.9 .92, I I 1 -1 1241.4 ,1001 
: S::AJth..Ce1tra l.aljcn Plain I 422.7 15)1 25.4 I 31 448.1 1531 375.0 1441 23.3 I 31 846.4 11001 
::ruth l.a1ja1 Plain ! 828. 1 1861 f:6.6 I 61 I I 73.3 1 81 I I I I I I I I 894.7 ,92, I I I-, 968.0 ,100, 
I 
cxtli.a1 River Valley\11C2.7 I I ho! I I h4! 6.9 I I I I I ,76, 154.6 1257.3 ,86, 19J.8 1 -1 1ll55.0 ,1001 I 
t Satp1e Totals t "mt ffit93686~ t~ ~ I ,6444.8 .59,3423.8 ,13, 1-. ,72, 4177.3 1151 .5 113127734.4 11001 
(S::A..roe: &grech Ccrw1. ~ Ergineers) • 
*The Sogreah Consulting Engineers regarded the land cultivated by the 
villagers as that received by peasants as a result of land reform and 
that already belonging to the khurdeh malik villagers and 
cultivators. 
**The Sogreah Consulting Engineers in this context differentiated 
between "property-owners" and "non-villagers". Property-owners were 
considered as landlords retaining their land after agrarian reform. 
This category of people included the large landlords and the khurdeh 
malik living in Esfahan and the other large urban areas of the 
region. Non-villagers were regarded as being either those people who 
had received land during land reform and/or had bought land from 
property-owners after reform. Furthermore, the Sogreah Consulting 
Engineers categorised non-villagers, unlike the villagers, as people 
not originating from the places at which they had acquired land. 
***North Baraan Plain: 826.6 hectares were exclusively 
share-cropped. 
****South Baraan Plain: 152.5 hectares were share-cropped and 123.3 
hectares were rented. 
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varying modes of land exploitation in the Esfahan region. 
6.2.5 Le Remembrement 
----
In 1977, the plans of the Sogreah Consulting Engineers to improve the 
agricultural prosperity of the region included further reorganisation 
of the land use patterns. In the intensively cultivated 
wadi-irrigated zones of the region (see Figure 5.15), particularly 
to the west of Fsfahan, the Consultants recognised that the 
complexity of land division and numerous small irrigation channels 
bedevilled proposed schemes for mechanisation and simplified 
irrigation. They employed "Le Remembrement", a land reorganisation 
policy for simplifYing these complex spatial patterns. This policy 
could have been put into immediate effect, since holdings had not 
?een fragmented into separate pieces of land owned by numerous 
individuals. To reduce the problems of future land division at the 
same time, the formation of small associations of agriculturalists 
was recommended. The Consultants nevertheless recognised that 
re-grouping in some areas of extensive orcha.rd property could be 
extremely difficult and in others, land could not be divided by 
simple geometry owing to orientation of terraces, ploughing, and 
uther management considerations. The implementation of "Le 
Remembrement" was envisaged as a long and delicate exercise and only 
applicable to those madi areas where simplifYing irrigation would 
prove beneficial (21 ) . 
.§.·l PATTERNS OF CO-OPERATIVE LOCATION 
In many areas of the Esfahan region, the prevailing climatic, 
pedological and hydrological conditions were ideal for intensive 
cultivation. It was traditional that the peasants owned or rented 
the numerous small holdings and specialised in growing cucurbit and 
non-cucurbi t vegetables. The costs of the considerable labour and 
irrigation water needed were high but the resultant crop value far 
exceeded such investment. 
Numerous agricultural cooperatives, which existed throughout the 
region, assisted in funding the large capital investment required 
annually for crop husbandry. There were 63 such organisations in 
1975 and membership covered between 70% and 75% of all the region's 
farmers (22), their relations as well as people involved in 
non-agricultural activities. In the western part of the region, 
there was usually one ccroperative to each village but in the east, 
where village populations were generally lower, one to every two to 
five villages. Many ccroperatives were concerned with the supply of 
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manure and seed but their principal function was to provide credit 
racilities. These were generally based on loans of 11 months 
duration and varied between 5,QCX) and 20,000 rials per member. The 
average 1 oan was somewhere be tween 8, ()(X) and 1 0, 000 rials. 
Generally, the capital of the co-operatives was insufficient for such 
investments as agricultural machinery and storage facilities. In 
1977, it was apparent that the commercial scope of these societies 
could be extended once the farmers were able to organise more 
effectively the storing, sorting and transporting of their produce. 
Impediments to any immediate improvements included the widespread 
illiteracy, defective roads, general lack of storage facilities and 
absence of contacts between farmers and merchants. If the village 
co-operatives had organised the annual cropping programmes and 
controlled and rationalised the marketing of produce, the need for 
expensive intermediary services could have been eliminated and the 
farmers could have retained more of the profit. The complexities of 
share-cropping, however, were hardly conducive to such administration 
and reorganisation. 
6.4 PATTERNS OF MECHANISATION 
In 1977, there was little evidence of mechanisation in the complexity 
of small landholdings west of Esfahan. In 1977, the Sogreah 
Consulting Engineers recommended that the irrigation systems of these 
cultivated areas be modified and small rotovators be introduced. The 
labour thus released could be employed in new local agricultural 
processing factories, to the financial benefit of the area in 
general. Mechanisation seemed far more viable and important in the 
east on the extensive tracts of land growing crops of sugar-beet and 
cereals. Numerous tractors were observed in the Kararedj, Paraan and 
Rudasht plains in 1977 and they were used mainly in preparing the 
land for irrigation and seeding. Levelling equipnent was used to 
prepare the land for irrigation. Wedge-shaped devices were employed 
to create "jubes" or irrigation channels for conducting water into 
the fields from a source of surface or ground-water. "Mars" or long 
humps of earth were built to divide each field into a series of 
sections and a small earth dam was built across the jube to divert 
the irrigation water into each of these areas. The mars were 
approximately 30cm high and were spaced at intervals of about 1Om. ( 
In the western part of the region the mars and jubes were man-made). 
When one sector was full, the dam was breached, the gap in the wall 
of the jube was plugged and another section watered. Before 
watering, systems of discs were normally used to break up the soil in 
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order to facilitate infiltration of the water. Ploughs were used if 
the soil was particularly canpacted, weedy, or abundantly manured. 
Discs were normally used if the weed roots were not more than 20cm 
long. Few combine harvesters and balers were employed and the cereal 
crops were still mainly harvested by hand. Many farmers in the 
eastern parts of the Baraan and Rudasht plains complained of poor 
service in spare-part provision. The repair of machinery seemed 
dependent on the ingenuity of the individuals concerned. 
In 1977, the Sogreah Consulting Engineers estimated that to 
~prove land preparation, seeding and harvesting programmes in the 
Nekuabad and Abshar Left and Right Bank developnen t zones, 1 , 200 
powerful tractors, 200 combine harvesters, 600 trailers and 2,000 
small ro tova tors should be purchased. They also ascertained that 
more land preparation tools would be required, including ploughs, 
rakes and pulverisers; drill machines; harvesting equipnent; and 
sugar-beet machinery. A five-fold increase of spare parts supplies 
was recommended to remedy shortages (23). 
6.5 CROPPING PATTERNS 
The cropping patterns of the Esfahan region are to be considered, 
particularly in relation to the various environmental features of the 
,area and to its diverse sociological and economic conditions [*]. 
Figure 6.1(a) illustrates the regionalisation of the Esfahan region 
employed in the following analysis. 
~·2·1 Patterns Of Irrigated And Rainfed Cultivation 
The data pertaining to the cultivated, irrigable and rainfed areas 
surrounding the 741 data points in 1974 are summarised in Tables 6.7, 
6.8 and 6.9 and illustrated by Figures 6.1(b), 6.2 and 6.3. The 
1966 Village Gazetteer includes no relevant data for comparison [**]. 
Comparisons of Tables 6.7, 6.8 and 6.9 and of Figures 6.1(b), 
6.2 and 6.3 confirm that cultivation in the Esfahan region was 
principally dependent on irrigation. The histograms of Figure 6.4 
also show the comparative unimportance of rainfed land in the region. 
The general histogram of Figure 6.4 representing all the data points 
[*] Chapter Seven includes information on the local importance of 
particular villages and towns as centres for agricultural services 
~ucq as milling and marketi~. 
L ** J It must be remembered that plotted blank grid square areas are 
not necessarily indicative of uncultivated land. Information within 
grid square areas has been aggregated with regard to the __ position of 
data po1nts rather than to unKfiown field boundaries. Hence, some 
cropp1ng areas of certain data points extend beyond the grid square 
areas w1thin which they are situated. Moreover, the 741 study data 
points comprise a sample, albeit very large, of the total number of 
settlements. 
Table 6.7 Hectarages Of Cultivated Land 
+-----------+--------+---------+---------+--------+--------+ 1-----?iain-1--Year-- NGmb€r-or -Maximum- 1--Mean--,--rotai-l 1 1 Data Points Value 1 Value 1 Value 1 +-----------+--------+---------+---------+--------+--------+ ~----ochian-:--1974--:---226---~---aoo---:--7a:;--:--i542o-: 
+---~~~-----+--------t---------~--------r-------t--------t 
: Lenjan : 1974 1 131 : 536 1 74.8 1 9795 1 
~-------+------~~~~----+-------+-~--~+-------+ lFalvardjan : 1974 : 41 : 690 : 107.8 : 4421 : 
+-----+--------+-----~---~ -·-+-----+ 
: Najafabad : 1974 : 39 : 1400 : 207.4 : 8087 : 
r----:-r- 1 - --t--------r -+--u-t 
1 Esfahan 1 1974 1 84 1 3000 1 202.6 : 17016 1 
+----- ---+-- -+-----+-------+-----+ 
: Kararedj: 1974 : 68 : 550 : 142.9 : 9713: 
+- -- --+-------+- ----+- ---1------+ 
: Baraan: 1974 : 55 1148 : 211.6 : 11636: 
-r------ I - t -- I - ---+ 
1 Rudasht : 1974 1 103 1 2000 : 211.7 1 21990 : 
+-- --+------+---------+---------+--------+--------+ ~---741---~--3666---:-132:4--:--98678-: 
+-----+----- . ... ----+------+ 
Table 6.8 Hectarages Of Irrigable Land 
+===========+========+=========+=========+========+========+ l Plain 1 Year Number Of Maximum l Mean l Total l 
1 1 Data Points Value 1 Value 1 Value 1 +-----------+--------+---------+---------+--------+--------+ ~----ochian-~--1974--:---226---~---a66---:--6a:a--~--i512o-: 
+ ·-- I --+--- I- ---+--------+ 
: Lenjan I 1974 : 131 536 : 74.8 : 9795 : +- - I -~-----+- + 
lFalvardjan : 1974 41 : 690 : 107.8 l 4421 : 
+------------+------~----------+ I + L Najafabad : 1974 : 39 I 1400 l 201.5 : 7860 : +- ---+----+---- I -I -- • • I I I Esfahan : 1974 : 84 : 3000 : 202.6 : 17016 : 
I - --r-- I -- I I --t------;-t 
I !(araredj I 1974 I 68 I 550 I 142.8 I 9713 I 
+-------+---- I -+------+ 
: Baraan I 1974 l 55 1148 l 211.6 : 11636 : 
-r-- - I I ---- r- I - ----1 ---t 
1 Rudasht 1 1974 1 103 1 2000 1 211.7 1 21809 1 +--------+- t _________ t_________ t________ t________ t
~---741---~--2666---~-136:6--1--§67§6-1 
+--------+---- -----+ 
Table 6.9 Hectarages Of Rainfed Cultivation 
+===========+========+=========+=========+========+========+ l Plain 1 Year Number Of Maximum 1 Mean 1 Total 1 1 1 Data Points Value 1 Value 1 Value 1 +-----------+--------+---------+---------+--------+--------+ 
----------- -------- --------- --------- -------- ----~---: Ochian l 1974 l 220 l 143 l 1.2 l 2o8 : 
r--- I ----- I ----t-------t------t-------t 1 Lenj an 1 197 4 1 131 1 0 1 0. 0 1 0 1 
+-------+----t-- ---t- -- ----+ lFalvardjan : 1974 1 41 1 0 : 0.0 l 0 l 
-r-------t---- · ·- I ----r-----r---· I ---4 1 Najafabad 1 1974 1 39 1 140 1 5.8 1 225 1 
+--------~-------+----------+-----+------+------+ l Esfahan : 1974 l 84 : 0 : 0.0 : 0 : 
r-------+---- I -----+-----4 I · ----+ 
1 Kararedj : 1974 1 68 : 0 1 0.0 1 0 : 
+--- -----+--------+--------+--------+--------+ 
: Baraan : 1974 : 55 : 0 : 0.0 : 0 : 
+---- ----+-------- -----+--------+------+ 
: Rudasht l 1974 : 103 : 0 : 0.0 : 0 : 
+-----------+-------+=========+=========+========+========+ 
: 741 : 143 : o. 7 : 493 : 
+--------+-----I • ---+------+ 
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under study shows that, in terms of size, the cultivated and 
irrigated areas form a pronounced skewed distribution. In 1974, most 
areas were between 1ha and 40ha and comparatively few were greater 
than 200ha. The detailed histograms of Figure 6.4 refer to 498 data 
points to the west of Esfahan and 243 to the east. Both histograms 
show that areas between 1ha and 40ha were most common in both east 
and west but many more areas in the east were greater than 41ha [*]. 
Only 8 data points had rainfed husbandry in 1974; Figure 6.3 shows 
that these were situated in the Morghab valley to the west of 
Najafabad or in the western or southern peripheries of the Ochian 
region [ **] o 
Figures 6.1(b) and 6.2 show that the patterns of the 
cultivated and irrigable areas surrounding the data points of the 
Esfahan region were almost identical in 1974 [***]. The grid square 
areas containing cultivation beyond the main areas included data 
points within small isolated pockets of fertile land. 
In 1977, two major zones of cultivation could be defined in the 
Esfahan region. The smaller of these zones extended from the western 
part of the Ochian plain and included the predominantly 
madi-irrigated areas of the lenjan, Falvardjan, Esfahan, Kararedj and 
Baraan plains. Most of the grid square areas to the west of that 
settlement contained data points with irrigated land totalling less 
than 60ha in 1974. Figure 6.2 indicates that in the Lenjan and 
Falvardjan plains, in the southern part of the Esfahan plain and in 
the Kararedj plain, there were numerous grid-squares containing data 
points with more than 160ha of irrigated land [****]. 
The other major zone of irrigated cultivation comprised mainly 
those areas which had no Tomar water rights and depended upon ground 
water exploitation. Although the farmers of the Rudasht plain did 
.receive limited amounts of poor qualit,y, riverine water, they largely 
[*]Only 41 of the 741 data points had neither cultivated nor 
Irrigated areas but several without cultivation were occupied with 
~ivjstock husbandr,y. L** The grid square in the Mor~ab valley, representing an area of 
rainfed cultivation exceeding 100na~ contained tne village of MorgQab 
which had 140ha in 1 gJ4. The otner two grid square areas included 
the villages of Hasanabad-e-Abrizeh and Varposht Which had 75ha and 
10ha, resl)ectively. The Ochian ~id sguare areas contained the 
vill~_es of' Hard eng, Sham Heygar, Ya qubabad, Al iabad and Yal Boland 
which-had 143ha. ·r5ha 40ha 11ha and 2ha of rainfed cultivated land 
reswctively. The other data points had smaller areas of irrigated 
farm{ng land. ***J These maps showed that the most important areas of s~ch 
cultivation closely corresponded with the cultivated areas delimited 
from the. examination of the 1 CJ72 Cartographic Survey and the 1973 
LarJ.ds!} t lffiagery. L****J One grid square area situated on the western border of the 
.t.:entrru part of the lenjan l1Lain was found to contain data points 
with 262ha of irrigable land. This land belonged to the villages of 
Golgun Vekhar, Kiyg.~tian, Firuzan and Sohr Firuzan which had 25ha 
57ha, boha, 70ha and 50na, respectively. It was almost certain that 
the lands of these vill~es encroached into the grid sguare areas to 
the east and to the north-west although they were illustrated as 
having no cul ti vat ion in 1974 o 
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relied on numerous shallow and semi-deep wells for their water 
supplies. In 1 Cf77, farmers of the southern areas of the Och ian 
region, the Najafabad plain, the northern parts of the Fsfahan and 
Kararedj plains and the cultivated areas situated to the north and 
south of the Baraan and Rudasht plains were obtaining most of their 
water from deeper wells and, to a lesser extent, from qanats. 
Semi-deep and deep wells were the principal sources of irrigation 
water in the south-eastern part of the Lenjan plain and in the 
northern area of the Mahyar plain. This zone, where ground water 
exploitation was of the utmost importance, was generally less 
agriculturally productive and had fewer villages than the mainly 
madi-irrigated zone. The data points of that large zone tended to 
nave more spatially extensive but less intensive agriculture than the 
data points of the madi-irrigated zone. Table 6.10 shows that the 
Rudasht plain contained the largest number of data points with areas 
of 400ha or more and that the Najafabad and Esfahan plains also had 
several such data points. The environmental characteristics of the 
Ochian, I.enjan, Falvardjan and Kararedj plains were reflected by the 
few data points with more than 400ha of irrigable land in 1974. 
Although the Earaan plain received limited supplies of riverine 
irrigation water and contained extensive areas of comparatively 
infertile soils, it had only 5 data points, albeit with irrigated 
areas exceeding 400ha, in 1974. Tables 6.7 and 6.8, illustrating 
the mean and total areas of cultivated and irrigated land in the 
various parts of the region in 1974, showed that the areas 
surrounding the study data points of the Baraan, Esfahan, Najafabad 
and Rudasht plains were generally much larger than those of the 
predominantly madi-irrigated Ochian, Lenjan and Falvardjan plains. 
The data points of the eastern part of the Kararedj plain were 
dependent on ground water whereas the data points to the south and 
west were situated in the madi-irrigated zone bordering on the 
Zayandeh Rud. The varied character of the Kararedj plain was shown 
. by the mean value of the irrigated land associated with its data 
points which was higher than that of the mainly madi-irrigated plains 
..... pstream and lower than that of data points of the Baraan and Rudasht 
plains which were largely dependent on ground water exploitation. 
The values of Table 6.9 confirm that rainfed cultivation was 
confined mainly to the Najafabad and Ochian regions in 1974. 
Table 6.10 Data Points With Irrigable Areas Of 400 Hectares Or More 
+----------------+------- . -------+-----------------+--------------------+ I jDowlatabad 477j jDastjerd-e-Var 240j 
!Ochian Region !Y~~~~Dozdan ~~~~ Baraan Plain IH~Sl~Gact 18g~~ 
t---------------~~--------------~ 1Jombozeh 45 1 
1 1D1zi 4201 1Sheydan 58 1 1 1oshtorjan 536+-----------------+--------------------+ 
1Lenjan Region 1Laricheh 486j Kamandan 400j 
1 1Kareh 800 1 Feyzabad 698 1 1 1Mahyar 5301 Shah Tur 808 1 +------- 1------------;;t Kishi 400 I l 1 Shahdun 447 1 Siyan Va Qal' eh 1 
1 1Jalalabad 1100 1 -ye-Bala 1200 1 
1 1Soltanabad 445 1 Sharifabad 600 1 
1Najafabad Plain 1Qal'eh Shah 1400 1 Qurtan 451 1 
1 1 ~l'eh Sefid 11~AI Ba~rabad 510 1 
! !Ku~e-Vohush g90! Rudasht Plain ~~hr~~an a~3~ 
f 1 Piri ------· - 427j ~~ud ~92j 
1 loastjerd-e- 1 Eskhaqabad 550 1 
1 1 Qaddadeh 4~6 1 Farfran 2000 1 
1 1 Deh Now §19 1 ~ap:an d ij981 
IEsfahan Plain ~~~~~g~~d ~ool IE~h~~h 502j 
1 1 Gorgab 1299 1 1 Yankabad 483 1 
! !B~~~~n 3~~~1--------------~~~r:::~:~:~---~~~~ +---------+---,---------+ 1 jRadan 4491 
1 1Khatnabad 550 1 
IKararedj Plain ~~~~~~~~vart a~sl 
1 1Aminabad 4~7 1 
1 1Herctarabact 500 1 ! ~~~s~~~k ~dd! 
+--------------+-----------------+ 
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6.5.2 Patterns Of Fallow Land 
---
The. marked annual changes of fallow land in the Esfahan region were 
closely related to irrigation water availablity. Farmers in the 
mad i-irrigated areas traditionally decided the areas to be left 
fallow with regard to the spring levels of the Zayandeh Rud. In 
1977, large areas of fallow were being used for livestock grazing. 
The increased volumes of irrigation water afforded by the new 
hydraulic infrastructure were seen as a way of drastically reducing 
the area annually left fallow. In the Nekuabad left Bank developnent 
sector, the total area of fallow land had already been reduced and 
greater areas were being devoted to more profitable agriculture. 
The 1966 Village Gazetteer contained a single list of statistics 
on fallow land in both rainfed and irrigated areas. In the 1974 
Agricultural Survey data set, separate sets of statistics were given 
for fallow land in rainfed and irrigated areas, although the 
hectarages for the rainfed areas were of questionable veracity. 
Several data points in the Esfahan, Kararedj and Rudasht plains, 
which were in fact totally dependent on irrigated cultivation, were 
specified 
Hence, the 
comparisons 
....nreliable. 
as having areas of uncultivated rainfed agricultural land. 
1974 sets of statistics were impossible to combine and 
of the 1966 and 1974 hectarage of fallow land may be 
In 1977, more land was left fallow in those irrigated zones of 
the Esfahan region which were not receiving water under the Tomar 
system. Most of the data points which had large areas of fallow land 
were situated beyond the intensively cultivated, madi-irrigated areas 
of the region. In 1974, 43%, 68% and 65% of the agricultural land of 
the Esfahan, Najafabad and Rudasht plains, respectively, were fallow 
whereas in the lenjan and Falvardjan plains, only 15% of the 
irrigated agricultural land was left fallow. The data points of the 
predominantly madi-irrigated lenjan and Falvardjan plains tended to 
have much smaller areas of irrigated land than those less productive 
areas of the Esfahan, Naj afabad and Rudash t plains. Although the 
Baraan plain was generally less fertile than the plains upstream and 
most farmers extracted ground water for irrigation, agriculture was 
fairly intensive, only 16% of irrigated land being left fallow in 
1974 [*]. The villages of the madi-irrigated area of the Kararedj 
plain were more densely distributed than in the northern area. where 
supplies of riverine water were limited and ground water was mainly 
utilised [ **] . 
~] Only one village, Bersiyan, situated in the eastern part of the r~ plain, had more than ?OOha of irrigated land in 197~. **J .. Tne v1llage of Qasr-~avart situated in the northern part of e Kararedj plam had 502ha of fallow land in 1974. 
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Although the 1966 Village Gazetteer statistics were not directly 
comparable with those of the 1 CJ74 Agricultural Survey, they did 
suggest that areas of cultivated land varied considerably from year 
to year. The hectarages of fallow land in the irrigated area of the 
Ochian region in 1CJ74 were almost twice those in the irrigated and 
rainfed areas in 1966. The mean areas of fallow land surrounding the 
data points in the lenjan and Falvardjan plains in 1966 were of the 
same order of magnitude as the areas of fallow in these predominantly 
irrigated lands in 1 CJ7 4. The mean areas of fallow land surrounding 
the data points in the Rudasht and Baraan plains in 1966 were far 
greater than those in the irrigated areas in 1CJ74. The area of 
fallow land in the irrigated agricultural lands of the Fsfahan plain 
in 1CJ74 was almost five times that in 1966. 
~·2·l Patterns Of Irrigated Wheat And Barley Cultivation 
~·2·~ General Spatial Aspects 
The cultivation of irrigated wheat was the most important form of 
agriculture in the Esfahan region. Statistics included in the 1974 
Agricultural Survey indicate that the total areas of irrigated wheat 
and irrigated barley cropping (see Tables 6.11 and 6.12) associated 
with the 741 study data points selected, were 20,608ha and 2,479ha, 
respectively. These statistics were very similar to those evaluated 
from the 1966 Census which were 19, 539ha and 3 ,278ha. The combined 
areas of irrigated wheat and irrigated barley in 1 CJ72 were 
approximately 32,800ha which were roughly 30% of the total irrigated 
land under cultivation in the region (24). 
The main variety of wheat grown in the Esfahan region was 
Triticum aesticum and of barley, Mordeum vulgare L (25). These are 
both suited to temperate conditions and were thus mainly grown as 
winter crops. The period between seeding and watering depended on 
.the water retention capacity of the soil, the size of crop rotations, 
and the prevailing meteorological conditions. Seeding took place 
during October and November and harvesting, in late May and early 
June. The soils of the region, even some with few alternative uses, 
were generally suitable for the cultivation of wheat and barley. 
Even the relatively unproductive soils of the Faraan and Rudasht 
plains could support cereal growth. Barley is preferable to wheat in 
saline areas since its tolerance to salinity is higher. 
Table 6.11 Hectarages Of Irrigated Wheat 
+-----------+--------+---------+---------+--------+--------+ 
1
------Area-,--rear-- NUmber-or -M8ximum-,--Mean--,--rota1-i 
1 1 Data Points Value 1 Value 1 Value 1 
+----------------------------------------------------------+ ,---Esrahan-:--1974--:---741---~--466----:--27:8--T-26668--: 
1 Region +--------+---------+---------+--------+--------+ 
I : 1966 : 741 : 800 : 26,4 : 19539 : t----------------------------------------------------------t ~----ocfii~n-:--1974--:---226---:--166----:--14~6--:--3261--~ 
1 Pla1n +--------+---------1 ----+--------+--~----+ 
1 : 1966 : 220 : 180 : 10,9 : 2391 : 
+---------+------+----~-+----+-~-----+-~---+ 
1 Lenj ~ l 197 4 l 131 : 200 : 24. 7 l 3241 : 
1 Pla1n +----+---------+---- 1- ------+- -+ 
I : 1966 : 131 I 200 I 19. 2 I 2513 I 
+-- -- -- I - ·--+------- ---+--------+ iFalvardjan l 1974 l 41 l 250 : 31.1 l 1275 : 
1 Plain +-------+---------+------+ -+------+ 
I I 1966 I 41 I 250 : 39. 3 : 1610 : 
+- ---+------+-- --I • • I------+ l Najafabad l 1974 l 39 l 400 l 37.1 l 1446 l 
I Plain +--- 1 - -- 1 - --+--- 1 ----+ 1 l 1966 l 39 l 150 : 19,5 l 762 l 
t t ----;;-r--- . I ·--r- -- I ·----+ 
1 Esfah~n 1 1974 1 84 1 110 1 25.4 1 2132 l 
1 - Pla1n +----- - 1 ----- ---- 1 - ---+ 1 l 1966 l 84 250 l 26,9 l 2256 l 
r- I I - 1------ I --+ 
1 Kararedj 1 1974 1 68 250 1 24.1 1 1640 l 
1 Plain +-- +------ --+ 
1 : 1966 68 200 : 29.8 2026 : +-------- ----+---+-------+ I Baraan I 1974 55 400 l 63.3 I 3482 l 
1
1 
Plain 1
1
--1966 55- ---+--4 --+---68 1 300 : 5 .o : 29 : 
r~~~sht-rl---1_9_7_4·~~--10_3 ___ -+ __ 4_0_0 ____ t-~S:91-:-4o~ 
! Plain :--1966 103 80o--:--48.7 ! 5013--r 
+-----+---- ----+-- -+----+--- ---1 
Table 6.12 Hectarages Of Irrigated Barley 
-- -------------------+-----------+--------+---------+---------+--------+--------+ ,------Area-~--rear-- NUmber-or -Maximum-,--Mean--,--rotai-l 
1 1 Data Pbints Value 1 Value 1 Value 1 
+==========================================================+ 
1 Esfahan I 1974 l 741 I 100 I 3.3 l 2479 I 
1 Region t-- -- t- · -- 1 ---t----r-----t 
I I 1966 I 741 I 225 I 4,4 I 3278 1 
+----------------------------------------------------------+ ,----ocfiian·:--1974--:---226---~---36----:--2:;·--:---463--: 
1 Plain +---- 1 •• 1 -----+-----+----+ 1 l 1966 l 220 l 40 l 1.5 l 340 l 
+-- ---+-----+---- ---+----+ i Lenjan l 1974 l 131 25 1.5 l 203 l 
1 Plain +-------+--- ---+-----+ 
1 l 1966 l 131 20 1 • 9 l 252 l 
+--- - --+-- ---+ 
iFalvardjan l 1974 l 41 1 10 l 1.6 l 64 l 
1 Plain ~- 1 -----r----t-- I -------t 1 1 1966 1 41 1 50 I 4 • 7 I 192 I 
+--- --- -+ ------+-- --+ l Najafabad l 1974 l 39 l 60 l 3.8 l 148 l 
I Plain r-1966 r----39---r- 25 ~:3- ! --;6g--i 
+----- I----- --+-- I • • • +--------+ 
1 Esfahan l 1974 l 84 l 40 : 3.7 l 311 l 
1 Plain +----- 1 ------ - 1 ---- ----+-------+ 
1 : 1966 : 84 l 50 : 4,5 : 382 : 
+ ------+------+-------+------+------+-------+ l Kararedj l 1974 l 68 l 25 l 1.5 l 102 l 
1 Plain +-----+-----+- -1-------+-------+ 
1 : 1 966 : 68 l 30 : 2 • 8 : 187 l 
+------+------+----+------+----+--------+ i Baraan l 197 4 l 55 : 1 00 l 7. 0 l 385 : 
1 Plain +--------+-- -+---------+--------+-------+ 
1 : 1966 : 55 : 225 : 13,6 : 747 : 
+-----+--------+--------+--------+-------+--------+ l Rudasht I 1974 l 103 l 100 l 7.8 I 803 I 
1 Plain +-------+--------+------+--------+--------+ 
1 : 1 966 : 1 0 3 : 30 : 9 • 9 : 1 0 17 : 
+----------+-------+--------+--------+-------+-------+ 
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~·2·32 General Economic Aspects 
The total production of grain in 1 CJ72 was approximately 105,CX)() 
tonnes and canprised 2.3% of the national yield and 63% of that 
required locally (26). Wheat was grown mainly for flour production 
and barley was grown generally for fodder. In 1 g-{2, farmers were 
selling their grain for about 8,000 rials/tonne (27). Figure 6.5 
shows the distribution of flour mills in the Fsfahan region. In 
1977, there were 7 flour mills in Esfahan each with capacities of 
approximately 250 tonnes/d~. Although these mills were only working 
at 50% capacity, the ~ogreah Consulting Engineers believed that 2 new 
mills should be built to satisfy future demand (28). Despite groups 
of government officials involved with the regulation of supplies and 
prices, the principal areas of agricultural marketing in 1 CJ77 were 
privately organised. The Esfahan Cereal Office, which was 
responsible for a grain silo of 16,C(X) tonnes capacity, had 
difficulty in obtaining more than 6,C(X) tonnes/yr. In 1977, most of 
the State and privately-owned installations associated with 
agricultural production were not being fully employed. A large 
bakery, that provided 10% of the bread eaten in Fsfahan, was using 
100 tonnes/day of grain but was operating at between 75% and 80% of 
its capacity (29). 
Irrigated wheat and barley require less overall labour than many 
other crops and in the western area, which specialised in labour 
intensive crops, they featured largely in crop rotations. In the 
less densely populated and less intensively cultivated eastern area, 
I 
barley and wheat had a similar spatial importance. In a region where 
labour costs had increased to approximately 300 rials/d~, farmers 
were aware that, on average, wheat and barley required only 
28days/ha/yr of labour canpared with 115 for melon, 125 for cotton 
,and 485 for cucumber. The average yields of irrigated wheat and 
barley in 1CJ72 of 3.3 tonnes/ha (30) and 2.6 tonnes/ha, 
respectively, were amongst the highest in Iran (31 ). Wheat and 
barley, however, were the least profitable crops grown in the region. 
After deducting the costs of labour and mechanisation, the profits 
per hectare of irrigated wheat were between 11 ,(X)() and 18,CX)() 
rials/ha, depending on yield. The Sogreah Consulting Engineers 
evaluated that the average profit obtained from the cultivation of 
irrigated wheat could be raised to 22,100 rials/ha. They suggested 
that better husbandry, particularly improved irrigation and 
fertiliser control, would permit yields of 3.9 tonnes/ha and that 
more mechanisation would reduce average labour requirements to 
18days/ha/yr (32). Despite the expansion of more profitable cropping 
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and the reduction of irrigated wheat and barley cropping, the Sogreah 
Consulting Engineers predicted that grain production could be 
increased by 10% to 115,000 tonnes/yr (33). A local demand of 
408,000 tonnes in 1987 was suggested with regard to prognoses of 
population and food requirement increases (34). 
~-2-33 Irrigated Wheat 
~-2-331 Ochian Region 
Figures 6.6 and 6.7 show that in 1966 and 1974, irrigated wheat was 
grown on both the rich, fertile soils of the river valley of the 
Ochian region and on the gravel fans to the south of the Zayandeh 
Rud. Figure 6.7 shows that most of the grid square areas within the 
Ochian region had between 40ha and 60ha of irrigated wheat. Only 
three grid square areas to the north-east of Morbarakeh contained 
more than 1 OOha. Figure 6. 7 shows that in 197 4, the crop was grown 
extensively on the southern alluvial extensions of the Ochian plain. 
Comparison of Figure 6.6 with Figure 6.7 suggests that the pattern 
of irrigated wheat cultivation did not change significantly between 
1966 and 1 97 4. The shading of the grid square areas indicates, 
however, that cultivation of irrigated wheat was greater in 1974 than 
in 1966 in the western part of the Zayandeh Rud river valley and in 
the cultivated areas south-east of the region. Table 6.11 shows 
that the total area of irrigated wheat cultivation, associated with 
the 220 study data points in the Ochian region, was 2,391ha in 1966 
and 3 , 201 in 1 97 4. At these study data points, i rr iga.ted wheat was 
grown at 142 in 1966 and 175 in 1974. Yields were generally high, 
the average yield being 3. 4 tonnes/ha in 1966 (35). The areas of 
irrigated wheat surrounding the data points in the Ochian region were 
generally smaller than those elsewhere. There was more 
specialisation in rice and vegetable cultivation in the Ochian river 
valley of the Zayandeh Rud than elsewhere in the Esfahan region. 
Moreover, the mean area of cultivated land associated with the 220 
Ochian villages was approximately 70ha and was the lowest of all the 
various areas in the Esfahan region. 
~·2·332 lenjan And Mahyar Plains 
In 1966, irrigated wheat yields of 3.8 tonnes/ha were obtained from 
the fertile and madi-irrigated area of the lenjan plain but only 2.6 
tonnes/ha in the south-eastern parts of the Ienjan plain and in the 
northern area of the Mahyar plain where the soils were less fertile 
and irrigated water was insufficient (36). Figure 6.7 shows how 
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extensively irrigated wheat was grown in the Lenjan region in 1974. 
The crop was cultivated intensively in the madi-irrigated zones on 
either side of the Zayandeh Rud where five grid square areas 
contained data points with more than 100ha and two squares contained 
data points with between 91 ha and 1 OOha. In 1974, irrigated wheat 
was less intensively grown in the (saline) Deb Sorkh area and in the 
northern cultivated area of the Mahyar plain, where deep and 
semi-deep wells were the principal sources of water. The crop was 
less important in the poorly watered, southern part of the Mahyar 
plain. The shadings of the grid square areas of Figures 6.6 and 6.7 
and the statistics of Table 6.11 suggest greater irrigated wheat 
cultivation in 1974 than in 1966. These may indicate annual 
variations rather than long-term transformations, especially when 114 
of the 131 study data points were growing irrigated wheat in 1966 
compared with 110 in 1974. Figure 6. 7 confirms fieldwork 
observations that the cultivation of irrigated wheat was generally 
more important in the Lenjan plain than in the Ochian plain. The 
statistics of Table 6.11 perhaps substantiate that conclusion by the 
lower number of data points but slightly higher hectarages in the 
' Lenjan region than in the Ochian region. 
_§_ • .2_. 333 Naj afabad Plain 
In the Najafabad, Baraan and Rudasht plains in areas of infertile 
soils and water deficiencies, cropping patterns were simpler than 
elsewhere, and the farmers were more dependent on livestock husbandry 
and the cultivation of irrigated fallow, sugar-beet, barley and 
wheat. In the Najafabad plain, many were faced with a particularly 
desperate situation since over-pumping had depleted countless qanats, 
particularly along the northern border, progressively lowered the 
water tables and consequently increased the costs of procuring water. 
The outcome of that expenditure was that less capital was available 
~or cultivation of more profitable and labour-intensive crops. 
Several deserted farms were noticed along the northern border of the 
plain[*]. Table 6.11 indicates that the total area of irrigated 
wheat associated with 39 data points in 1966 was almost twice that in 
1974. Figures 6.6 and 6.7 show that the patterns of the Morghab 
valley, west of Najafabad, indicate extensive irrigated wheat 
cropping in both 1966 and 1974. Most grid areas there had data 
points with between 20ha and 60ha of wheat and were less intensively 
[*l The data illustrated by Figures 6.6 and 6.7 are not fully 
1ndicative of the ch~es 1n patterns of irrigated wheat that haa 
occwred in that area between 1966 and 1 974. Since several villages 
south of Najafabad were not included 1n the analysis, the several 
.blank grid sqyare areas must not be regarded as firm gu1des to the 
extent of such cultivation. 
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cultivated than in the madi-irrigated areas of Lenjan and Ochian. ~ 
the functioning s.ystem of qanats, more water was available in the 
western area of the Najafabad plain than in the eastern area, as 
exemplified by the average yields of wheat of 2.6 tonnes/ha and 1 .g 
tonnes/ha in these two respective areas (37). 
£·2-334 Falvardjan Plain 
The Falvardjan plain, to the east of the Najafabad plain and situated 
in the alluvial valley of the Zayandeh Rud, was both environmentally 
and agriculturally similar to the Lenjan plain. The principal source 
of water was the river and there was a complex s.ystem of madis and 
secondary and tertiary irrigation channels. Shallow and semi-deep 
wells were plentiful but pumped water was less vi tal than in the 
Najafabad plain. With the increased supply of water from the Shah 
Abbas dam, the water tables of the Falvardjan plain had been raised, 
particularly in the madi zones adjacent to the Zayandeh Rud, and the 
cultivation of rice had been extended. 
The data of Table 6. 11 and a cam par is on of Figures 6. 6 and 6. 7 
imply that the total area of irrigated wheat cultivation around the 
41 study data. points in the Falvardjan plain was slightly greater in 
1966 than in 1974. The importance of irrigated wheat cultivation is 
illustrated by Figure 6.7: many grid square areas contained either 
91ha to 100ha or over 101ha and these were mainly situated in the 
intensively cultivated madi zone between Falvardjan and Dorcheh Piaz. 
There were areas with similar hectarages to the north and south east 
of Qahderijan on the western border of the plain. Irrigated wheat 
cultivation was generally less important, however, in the areas 
bordering the madi zone. 
£·2-335 Esfahan Plain 
The northern part of the Esfahan plain mainly consisted of a great, 
dry valley which descended from the Murcheh Khort area. In the south 
of the plain, to the west of Esfahan, there was a zone of 
madi-irrigated cultivation. Wells were employed in both these 
northern and southern areas. There was an almost total dependence on 
pumped water in some villages in the northern part of the plain, 
however, although limited quantities of qanat water were still being 
...,b ta ined • Data in Table 6. 11 and cam par isons of Figure 6 • 6 with 
" Figure 6. 7 reveal no significant changes in the mean and total areas 
of intensive cultivation between 1966 and 1974. Yields were 
generally high. In 1966, the average yield was approximately 3. 0 
tonnes/ha. Higher yields were recorded in the north-eastern part of 
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the plain; on average, these were 3.5 tonnes/ha (38). 
~·2·336 Kararedj Plain 
The Kararedj plain received more riverine water and hence was 
generally more fertile than the more easterly plains of Baraan and 
Rudasht. The madi-irrigated zone adjacent to the Zayandeh Rud, 
between the Shah Kuh and Gavart mountains, was more productive than 
the farming areas bordering the Gavart mountains to the north and 
east. In these northern and eastern areas, the principal sources of 
irrigation water were semi-deep wells and to the east of the Gavart 
mountains, many farms had been abandoned because of the salinity of 
the pumped water [*]. Comparison of Figures 6.6 and 6.7 shows a 
slight decrease of irrigated wheat cultivation in the eastern area of 
the Kararedj plain but an increase immediately to the north-east of 
Khorasgan. Irrigated wheat cultivation had declined slightly in the 
madi-irrigated zone of the plain, as it had in the Lenjan and 
Falvardjan plains because the areas of rice cultivation had been 
extended. Apart from these small changes, comparison of Figures 6.7 
and 6.8 indicates little change in the overall pattern between 1966 
and 1974. Fieldwork in 1977, however, indicated that since 1976, 
irrigated wheat had beccme an important crop in the reclaimed areas 
of the Margh depression. The yields of between 2 tonnes/ha and 2.5 
tonnes/ha were low but the Israeli advisers were convinced that by 
adding more manure and herbicides and reducing the soil salinity 
levels, yields could eventually be as high as 4 tonnes/ha to 5 
tonnes/ha. These farms were also being developed as centres of 
livestock husbandry and most of the wheat was being used as animal 
food with only a little sold for milling. 
6.5.337 Baraan Plain 
----
Figure 6.7 shows that in 1974, the Earaan plain was one of the most 
important areas in the Esfahan region for the cultivation of 
irrigated wheat. The majority of grid square areas represent areas 
of wheat greater than 60ha, the many grid square areas with more than 
100ha being mainly concentrated in the north-east and south-west of 
the region. The cultivation of irrigated wheat by many villages, 
east of the Gavart mountains, decreased between 1966 and 1974. 
Decreases were of the order of 41ha to 60ha in most grid square areas 
but there was a reduction of over 200ha in one grid square. It is 
not certain why, but increasing salinity may have reduced cropping 
f*] I~ 1966 the aver~e yield in the Kararedj region was only 1.8 
vonnes;0a {39~ but. that figure appears to be unrealistic despite much 
1mpover1shea iand 1n the area. 
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areas. Comparison of Figures 6.6 and 6.7 suggests an increase in 
irrigated wheat cropping in the Baraan plain. Relevant figures in 
Table 6.11 show, moreover, that the data point cropping areas of 
irrigated wheat were greater in the Baraan pla.in than in other plains 
in 1966 and 1974. In 1974, for the same selection of data points, 
the mean data point cultivation area was 211 .6ha. Bence, it was 
probable that the proportion of irrigated wheat to cultivated land 
was also greatest in the Baraan plain. Moreover, at all the selected 
data points in the Baraan plain, irrigated wheat was grown in 1974. 
The soils of the area were generally less fertile than those upstream 
and the yields of wheat were low, for example, in 1966, an average 
yield of 1.9 tonnes/ha was obtained (40). 
6.5.338 Rudasht Plain 
---
The Rudasht plain included approximately 20,000ha of irrigated land 
in 1972 (41). It was the least favoured agricultural area in the 
Esfahan region because of extensive areas of saline soils, limited 
quantities of poor-quality surface water, salty ground water and 
harsh climatic conditions. The plain was largely barren and treeless 
and by 1977 many farms and houses had been abandoned. In two such 
places, near Varzaneh, sand was drifting around the walls of 
crumbling buildings and the soil was deeply cracked and encrusted 
with accumulations of white salt. The very simple cropping patterns· 
of the area were based mainly on rotation of irrigated wheat, barley 
and cotton, and fallow land was used for grazing animals. According 
to several landlords, the yields of irrigated wheat were generally 
lower than those of the Baraan plain. Figure 6.7 shows that the 
Rudasht plain, in general, and the small areas of cultivated land to 
the south of the Shah Kuh mountains and to the north of the Rudasht 
plain were important wheat growing areas in 197 4. In 1977, the 
farmers of these areas specialised in livestock husbandry and most of 
the wheat grown was used as a feed for cattle, sheep and goats. Some 
flour was milled and used for making unleavened bread. Figure 6. 7 
shows that in some of the grid square areas of the Rudasht plain, 
more than 100ha of irrigated wheat were grown at the data points in 
1974. 
Figures 6.6 and 6.7 show that the patterns of irrigated wheat 
cul ti vat ion in 1966 and 1974 were generally similar. The Spearman's 
rank-order correlation coefficient of 0.55 [*] expressing their 
similarity suggests correlation between the two data sets. The 
t
*] Information relating to 741 cases (data points) was utilised in 
he Mcalculation of SPearman's rank-order correlation coefficients 
RHO • The RHO value at the 0.01 rejection level was 0.0947. All 
he 0 values of this magnitude or h1gher are significant. 
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histograms of Figure 6.8 show that the areas of irrigated wheat 
associated with the data points of the Esfahan region in 1966 and 
1974 were generally between and 120ha and that few areas of 
irrigated wheat exceeded 161ha in the eastern and western areas of 
the region. The detailed histograms indicate that the most 
ubiquitous areas were between 1 and 20ha in size. Figure 6. 9 also 
shows that the frequencies of areas of particular sizes were similar 
in 1966 and 1974. This was to be expected in view of the 
comparability of the 1966 and 1974 total areas of irrigated wheat. 
This scattergram shows, however, that the areas of wheat cultivation 
at particular data points were often markedly different in 1966 and 
1974. The Rudasht settlements of Bazm, Kafrud and Yankabad had 
670ha, 8Xlha and 600ha, respectively, in 1966 but only 85ha, 150ha 
and 160ha, respectively, in 1974. The composition of the 1966 and 
1974 data sets preclude camp:trison of the irrigated areas of these 
villages in these years but it is certain that Yankabad had larger 
hectarages of irrigated barley, irrigated cotton and fallow in 1974 
than in 1 966 and that Kafrud and Bazm had greater areas of land 
devoted to irrigated barley and fallow in 1966. Comparison of 
Figures 6.6 and 6.7 does not suggest that form of marked 
variability. The aggregation of village cropping areas within grid 
,square areas tends to obscure such localised and temporal variation. 
~·~·34 Irrigated Barley 
~·~·341 Comparative Importance 
Reference to Figures 6.10 and 6.11 and their comparison with 
Figures 6.6 and 6.7 clearly show that, although irrigated barley 
was grown extensively in the Esfahan region, it was not as important 
as irrigated wheat. Wheat was generally higher yielding and was 
grown both as a grain crop and as fodder whereas barley was mainly 
grown as fodder. Both Figures 6.10 and 6.11 show that in most grid 
square areas containing irrigated barley cultivation, the total data 
~oint cropping areas of that crop were generally between 1ha and 
30ha. Squares with more than 50ha were rare in 1966 and 1974. 
Comparison of the histograms of Figures 6.8 and 6.12 also indicates 
that the data point areas of irrigated barley were generally smaller 
than those of irrigated wheat in 1966 and 1974. None of the western 
data points had areas exceeding 61ha. Figure 6.13 illustrates the 
relationships between the data point areas of irrigated barley of 
40ha or less in 1966 and 1974 and incidentally infers the comparative 
importance of irrigated barley in the data point crop rotation. A 
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Spearman's rank-order correlation coefficient of 0.4601 indicates 
that the degree of association existing between the areas of 
irrigated barley was less than that between the areas of irrigated 
wheat. Figure 6.13 shows that the particular distribution of areas 
of irrigated barley were very different in 1966 and 1974. Table 6.12 
indicates that the total areas of irrigated barley in 1966 and 1974 
were 3,278ha and 2,479ha, respectively, and that difference may have 
been due to the varying importance of irrigated barley in crop 
rotations or to increasing cultivation of alfalfa in the region. 
~-2-342 Ochian Region 
Comparison of Figures 6.10 and 6.11 reveals that the river valley 
and the southern alluvial extensions of the Ochian region had more 
. extensive areas of irrigated barley in 1974 than in 1966. These maps 
show that irrigated barley was grown more extensively in the western 
and eastern areas of the valley in 1974 than in 1966. Cereal 
cultivation was generally greater in 1974 than in 1966 in the Ochian 
region, the proportion of irrigated barley to irrigated wheat being 
approximately 14% in both years. Reference to Table 6.12 reveals 
that the mean and total values of irrigated barley cultivation for 
1966 and 1974 substantiate this map interpretation. The number of 
data points growing irrigated barley was 77 in 1966 and 110 in 1974 
at the 220 data points in the Ochian region. Barley was grown mainly 
as a feed crop although high grain yields of 3.4 tonnes/ha were 
recorded in 1966 (42). Those high yields were, on average, only just 
below those of wheat. On the fertile soils of the river valley, 
irrigated barley was frequently grown during the winter between the 
cultivation 
vegetables. 
during the 
periods of more profitable crops such as rice and 
Barley intended for use as fodder was usually sown 
second or third week of August and was harvested during 
the third week of May, whereas grain barley was seeded during the 
first week of September and harvested in the first week of June. 
Figure 6.11 shows that although irrigated barley cultivation had 
increased, it was still limited in 1974. Almost all the grid square 
areas within the Ochian river valley represent between 1ha and 30ha 
of irrigated barley but in 1974, only one grid area had over 30ha. 
~·2·343 Lenjan Plain 
Table 6.12 shows that the Lenjan plain was the least important part 
of the Esfahan region for irrigated barley cultivation and that the 
areas devoted to its cultivation were not markedly different in 1966 
and 1 97 4. The number of data points, 4 9 in 1966 and 46 in 197 4, were 
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similar but Figures 6.10 and 6.11 suggest different local patterns. 
These were probably of little significance, however, since the Ienjan 
plain was an area of intensive cultivation, particularly of market 
gardening, and irrigated barley was relatively unimportant. 
Comparison of Figures 6.10 and 6.11 indicates that the cultivation 
of irrigated barley was more important in 1974 than in 1966 in the 
eastern part of the region beyond the madi-irrigated zone but less 
important in the south-eastern and northern areas of the Mahyar 
plain. Yields were generally lower than in the Ochian region and the 
barley was grown mainly as a feed crop. In 1966, the average yield 
was approximately 2.7 tonnes/ha (43). There were 131 study data 
points situated in 
in the Mahyar plain. 
dropped from 40ha 
the Ienjan region and of these, 32 were situated 
Around these 32 data points irrigated barley 
in 1966 to 3ha in 1974 but irrigated wheat 
increased from 392ha in 1966 to 2,170ha in 1974. 
f·2-344 Najafabad Plain 
Although the Naj afabad plain was an important cereal growing area, 
the mean size of area of irrigated barley at the data points was 
small in 1 966 and in 1 97 4 but still greater than those of the 
villages of the Ochian, Ienjan and Falvardjan plains. The larger 
cultivated areas surrounding the data points meant, however, that the 
proportion of land with irrigated barley was similar to that in those 
other areas. The statistics of Table 6.12 and the patterns of 
Figures 6.12 and 6.13 indicate smaller cropping areas of irrigated 
barley in 1974 than in 1966, perhaps due to annual dissimilarities. 
In 1966, when the average yield of irrigated barley was 2.7 
tonnes/ha, cul t iva t ion d eel ined ( 44 ) . 
f·2·345 Falvardjan Plain 
The patterns of irrigated barley cultivation illustrated in the 
Fal vardj an plain by Figures 6. 10 and 6. 11 represent only small 
hectarages in 1966 and 1974. Almost all the grid square areas 
containing that crop indicate hectarages of between 1 and 30ha. In 
1974, one area immediately to the north of Qadherijan contained more 
than 50ha of irrigated barley. Figure 6.13 shows that in 1974, its 
cultivation was concentrated mainly in the madi zone between 
Falvardjan and Dorcheh ~iaz. The pattern in 1966 was different since 
the grid square areas containing irrigated barley were not continuous 
and small areas of the crop were concentrated in grid square areas to 
the west, south-west and south of Dorcheh Piaz. In both 1966 and 
1974, little irrigated barley was grown in the areas beyond the 
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madi-irrigated zone, particularly in the eastern area bordering the 
Shah Kuh mountains. The relevant statistics of Table 6.12 confirm 
that in 1 966 and 1 CJ7 4 , only small areas of bar 1 ey were grown on the 
Falvardjan plain. Of the 41 data points within the Falvardjan plain, 
only 10 in 1966 and only 12 in 1CJ74 grew that crop. Although these 
factors could imply long-term changes, it may be safer to assume that 
variations of similar magnitude could occur from year to year. 
£·2·346 Esfahan Plain 
Figures 6.10 and 6.11 confirm not only the widespread cultivation 
of irrigated barley in the Fsfahan plain in 1966 and 1CJ74 but also 
how small were the actual areas of the crop at the data points. The 
barley was used mainly for fodder for the cattle, important in the 
Esfahan plain. Comparison of Figures 6.10 and 6.11 illustrates the 
increased cultivation of irrigated barley between 1966 and 1 CJ74, 
particularly in the north-eastern and north-western parts of the 
Esfahan region. Figure 6. 11 shows more shaded grid square areas 
immediately to the north and west of Fsfahan. Data points associated 
with that crop increased from 32 in 1966 to 48 in 1974. The findings 
contradict the statistical analysis of the data on 84 data points in 
that area. Reference to Table 6.12 indicates that less land was 
used round these data points in 1974 for irrigated barley than in 
1966. The grain yields of irrigated barley varied considerably in 
, 11hat area in 1966, being as low as 1. 7 tonnes/ha to the north of 
Esfahan and over 3 tonnes/ha to the east ( 45). 
£·2-347 Kararedj Plain 
Figure 6. 1 0 shows that in 1 966, i rr iga ted bar ley was grown 
principally in the madi-irrigated zone of the Kararedj plain between 
the Shah Kuh and Gavart mountains. In addition, some data points to 
the north of the Gavart mountains had limited areas of cultivation. 
Figure 6.11 indicates less irrigated barley cultivation in both 
these zones in 1CJ74. Table 6.12 shows that areas of irrigated 
barley around the 68 study data points, were, on average, smaller in 
1CJ74 than in 1966. In 1977, barley yields of 3 tonnes/ha in the 
madi-irrigated southern part of the plain were higher than those of 2 
tonnes/ha in the less well watered areas further to the north and 
around the Gavart mountains. Large expanses of alfalfa were observed 
throughout that area. In 1977, small areas of irrigated barley had 
oeen grown for fodder in the Margh depression. 
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.§. • .2.. 348 Baraan And Rudash t Plains 
Table 6.12 shows that the largest hectarages of irrigated barley 
surrounded the data points in the Baraan and Rudasht plains. The 
crop was grown as fodder for local cattle. The moderately saline 
soils were unsuitable for most other crops, and conditions for 
successful growth of the barley were progressively improved as the 
salts were leached during the winter. Figures 6.10 and 6.11 also 
show the crop's importance on the saline and poorly irrigated soils 
to the west of Varzaneh, most grid squares containing between 11 and 
30ha, and these were similar to those in the north and the south. 
The grain yields in all these areas, however, tended to be low and 
rarely above 2 tonnes/ha. Figure 6. 11 had three grid square areas 
with data points with more than 50ha. Table 6.12 shows that the 
total area of irrigated barley cultivation fell between 1966 and 1974 
but far more in the Baraan plain than in the Rudasht plain. Alfalfa 
was fairly extensively grown in the Baraan plain but not in the 
Rudasht plain where the irrigation was inadequate . 
.§_ • .2_.4 Patterns Of Rainfed Wheat And Barley Cultivation 
The climate of the Esfahan region was generally unsuitable for 
,growing rainfed wheat and barley. The cultivation of these crops was 
mainly confined to the western areas of the Esfahan region receiving 
wore than 200mm of precipitation per year. Yields were generally 
low. In 1972, yields of 0.3 tonnes/ha and 0.4 tonnes/ha were 
estimated for rainfed wheat and barley, respectively (46). 
In 1 966, only 624ha of these rainfed crops were grown around the 
741 data points (see Tables 6.13 and 6.14). Figures 6.14 and 6.15 
show that the grid square areas containing them were concentrated in 
the western parts of the Ochian and Najafabad regions. Three grid 
square areas containing the villages of Sham Heydar, Sham Taq and Yal 
Boland had more than 25ha of these crops in 1966. These villages 
were situated at higher altitudes and received more precipitation 
than those at lower altitudes to the east. Figures 6.14 and 6.15 
show that only a few data points in the madi-irrigated plains were 
growing rainfed wheat and barley in 1966. One grid square area in 
the northern part of the Esfahan plain and one in the Rudasht plain, 
however, contained more than 25ha in 1966; the former grid square 
contained the village of Sin and the latter, Siyan va Qal'eh-ye-Bala. 
In 1974, only 234ha of these rainfed crops were grown in the Esfahan 
region, and, according to Figures 6.16 and 6.17, these were in the 
Najafabad and Ochian regions (see Tables 6.13 and 6.14). Three grid 
square areas contained more than 25ha in the Ochian region. The grid 
Table 6 .13 Bectar ages Of Rainfed Vb=at 
Area Year N~r.O[s~un ~ ~~ Da R:n.n 1.12 
~aban 1974 741 50 0.3 221 1on 741 400 519 1966 0.7 
~iQn 1974 220 42 0.5 llO a1n 1966 220 400 2.2 483 
~~fri 1974 131 0 0.0 0 1966 131 5 ** 5 
Fal~Y~fri 1974 41 0 0.0 0 
1966 41 0 0.0 0 
Najaf~d 1974 39 45 1.5 60 P m 39 26 1966 20 0.7 
~fa?ri 1974 84 50 0.6 51 1966 84 0 0.0 0 
Kar~m 1974 68 0 0.0 0 
1966 68 0 0.0 0 
~ 1974 55 0 0.0 0 1966 55 0 0.0 0 
RJ..rl~bt 1974 103 0 0.0 0 P m 1966 103 ** 5 5 
** r-1ean val1.12 not irrlicated due to lav data values. 
Table 6.14 Hectarages Of Rainfed Barley 
Area Year rM~iREs ~J&un ~ ~~ 
ESfaban 1974 741 5 ** 13 Region 1966 741 30 0.1 105 
~iQn 1974 220 5 ** 13 ain 220 ** 15 1966 10 
Iflafri 1974 131 0 0.0 0 1966 131 10 0.3 35 
Falvap~~ 1974 41 0 0.0 0 
1966 41 0 0.0 0 
Najaf~ 1974 39 0 0.0 0 
-Pam 
1966 39 20 0.6 23 
ESf~an 1974 84 0 0.0 0 Pam 0.0 0 1966 84 0 
Kar~ecl~ 1974 68 0 0.0 0 P a1 1966 ** 2 68 2 
~ 1974 55 0 0.0 0 n 1966 0 0.0 0 55 
RJ..rl~bt 1974 103 0 0.0 0 P m 0.3 30 1966 103 30 
**Mean yalue rot irrlicated due to lav data values. 
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area containing more than 25ha in the Morghab Valley of the Najafabad 
region included the village of Morghab. 
~·2·2 Patterns Of Rice Cultivation 
6.5.51 Areas Of Cultivation 
---
Figures 6.18 and 6.19 present the 1966 and 1974 patterns of rice 
cul ti vat ion (see Table 6. 15) of the Esfahan region and show how it 
was restricted to the river valley areas of Ochian, Lenjan, 
Fal vard jan and Karared j • 
In 1972, there were approximately 6, ()(X)ha of irrigated farmland 
in the river valley of the Ochian region (47). Figure 6.19 shows 
that rice was grown extensively: six grid square areas contained more 
than 40ha and many other grid areas, smaller hectarages. Rice was 
particularly important between Sedeh and Now Guran in the western 
part of the valley and around Mobarakeh in the east. Comparison of 
Figures 6. 18 and 6. 19 suggests that more rice was planted in 1974 
in certain western and southern parts of the river valley. In 1974, 
42 of the 220 study data points in the Ochian plain and its environs 
grew rice compared with 37 in 1966. The extent of rice cultivation 
associated with the data points of that area varied considerably. 
The Lenjan plain was also important for rice. The cultivation 
patterns were similar in 1966 and 1974. In 1966, rice was grown 
extensively in the centre of the plain in the vicini~ of Dastjerd. 
Figure 6.18 shows that one grid square in that area had between 30ha 
and 40ha and another, more than 50ha of rice. Figure 6.20 shows 
less rice cultivation there in 1974. Most grid square areas on both 
the maps represent between 32ha and 40ha so that rice cultivation was 
generally less intensive in the Lenjan plain than in the Ochian plain 
and, as total hectarages in 1966 and 1974 show, less extensive too. 
Of the 131 study data points in the Lenjan region, 39 grew rice in 
1966 and 40 in 1974 • 
.. Figure 6. 18 shows that six grid square areas each contained 
less than 30ha of rice between Dorcheh Piaz and Falvardjan in 1966. 
In 1974, rice was less extensively grown and Figure 6.19 shows only 
three grid square areas between these two settlements. Between 1974 
and 1977, rice cultivation in the Falvardjan plain increased in 
response to the rising water table levels in the madi-irrigated area. 
Less land was devoted to rice to the west and south-west of 
Falvardjan in 1974 than in 1966. The range of rice cultivation in 
the Fsfahan plain was limited in 1966 and 1974. Figure 6.19 shows 
that in 1966, only 4 grid square areas included rice and only two of 
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Table 6.15 Hectarages Of Rice 
+===========+========+=========+=========+========+========+ i Area i Year Number Of Maximum i Mean 1 Total i 
1 1 Data Pbints Value 1 Value 1 Value 1 +----------------------------------------------------------+ 
1
---Esrahan-:--1974--:---741---:--215----:--2:2---:--1644--: 
1 Region +--------+-----~--+-~----~+-~------+--------+ 
1 : 1966 : 7 41 : 1 QQ : 1. 9 : 14QQ : 
+----------------------------------------------------------+ ~----ochian-:--1974--:---226---~--215----:--4:4---~---965--: 
1 Plain +--------t---------+---------+--------+-------=t 
1 : 1966 I 22Q : 6Q : 2.9 : 645 1 
t------:-r-----t----------r---- I ----r------t 
1 Lenj~ 1 1974 1 131 1 50 1 3.5 1 452 1 
1 Pla1n t-- 1 • ------+--------+ _ --+------+ 
I I 1966 : 131 : 44 : 2 o 9 : 3 80 : 
t;----:-t----- t-- ~-----~----t----t 
1Falvardjan 1 1974 1 41 1 30 1 2.0 1 82 1 
1 Plain +-------+---------+-------- 1--------+-------+ 
I : 1966 : 41 : 30 I 3. 3 : 136 : 
+--- .. --------~------~------+ 1 Najafabad l 1974 39 l 0 1 0.0 1 0 : 
1 Plain +-- 1 -+---------+-------+--------+ 
I : 1966 I 39 : 6 : Q o 2 : 6 : 
+----- ----1 1--- .. -----+--------+--------+ 1 Esfahan l 1974 l 84 l 30 l 0.6 l 52 : 
! Plain ! i 966 ! --84-:,oo-- 1. 2-i1oa-: 
+--- --+---- I -----+-------- -----+ 
1 Kararedj l 1974 l 68 l 30 l 1.2 l 83 : 
1 Plain t--;--- .. ---------+------+-----+ 
I I 1966 : 68 : 80 : 1 o 5 : 1 03 : 
I ~----r--------1 ---1 I --~ 
1 Baraan 1 197 4 1 55 1 1 0 1 0. 2 1 1 0 1 
1 Plain +-- -·+-----+-------+ 
I : 1966 : 55 : 30 : Q. 5 : 30 : 
r ,_ 1 --+-----~ - --+ 
1 Rudasht I 1974 1 103 1 0 : 0.0 I 0 : 
1 Plain +-- ---· 1 -------+------ 1 -----+------+ 
I : 1966 : 103 : Q : Q. Q : Q : 
+- I -- I - --- I ----+ 
Table 6.16 Hectarages Of Fodder 
+-----------+--------+---------+---------+--------+--------+ ~-----?iain-~--Yea;-- NUmber-or -Miximum- 1 --Mean-- 1 ~-rotai- 1 1 1 Data Points Value 1 Value 1 Value 1 
+===========+========+=========+=========+========+========+ l Ochian : 1974 : 220 l 110 : 2.7 I 588 : 
I I ---hT-----r------~---~ -----t 
: Lenj an : 197 4 1 131 1 87 1 7. 9 1 1 032 1 
+-----,--+------ I ------+---------+-------+------+ lFalvardjan : 1974 : 41 : 123 : 20.6 : 843 : 
+----- I ---+----- I ------ --+------+ I Najafabad I 1974 I 39 I 120 I 11.2 : 438 I 
+- --+-------+---------+--~=- I ---+ l Esfahan I 197 4 I 84 I 1 02 I 6. 9 579 l 
+------ -··-I -----~---------+- ---+ 
I Kararedj l 1974 1 68 : 53 l 5.9 l 401 : 
+------ I -------+---------+---------+------+-------+ 
l Baraan l 1974 I 55 l 272 : 13.5 l 740 l 
+----------+--------+------+-----+---- I ------+ 
I Rudasht l 1974 l 103 l 42 l 2.4 l 247 l 
+--------+--------+=========+=========+========+========+ 
: 741 : 272 : 6. 6 : 4868 : 
+---------+-------+-------+-------+ 
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these had more than 50ha. Figure 6.19 shows that in 1974, 
cultivation was less localised, and that the 13 grid square areas, 
representing between 1ha and 30ha, were immediately to the north and 
east of Esfahan and in the madi-irrigated zone of the Kararedj plain. 
In 1972, the overall rice cultivation in the Esfahan region was 
estimated to be approximately 1 ,EDOha, approximately 2% of the total 
cultivated area (48). Table 6.15 shows that in 1966, 1 ,400ha of 
rice and in 1974, 1 ,644ha were cultivated around the study data 
points of the Fsfahan region. In 1966, 93 study data points were 
as soc ia ted with rice growing and in 197 4, 1 05. A Spearman' s 
rank-order correlation coefficient of 0.6414 suggests that these 
grew similar hectarages in 1966 and 1974. Figure 6.20 shows that 
rice growing must had been introduced at several data points between 
1 966 and 1 97 4 [ *] . 
The histograms of Figure 6.20 and Figure 6.21 indicate that at 
most of the pertinent data points, between 1ha and 20ha were 
allocated to rice cultivation. The histograms illustrate the 
dissimilarities existing between the eastern and western parts of the 
Esfahan region; in 1966 and in 1974 there were few areas greater than 
81ha in the western part. 
~·2·52 Water Requirements 
The complete saturation of the soil during the planting of paddy rice 
necessitates considerable volumes of easily accessible irrigation 
water. The cropping patterns of Figures 6.18 and 6.19 can be 
interpreted not only as areas with much available surface water but 
also with shallow ground water levels. With a high ground water 
level, less surface water is needed to saturate the soil. In the 
Najafabad plain and in the Deh Sorkh depression, the water tables 
were too low to supplement the surface water supply, which in itself 
was generally insufficient for the extravagant irrigation required. 
Although the water tables of the Baraan and Rudasht plains were 
generally between 1m and 2m beneath the surface, supplies of surface 
water were inadequate. Soil fertility is of little consequence in 
rice cultivation and rice, which is moderately salt-resistant (49), 
could have been plan ted in areas of reclaimed soils. In 1977, the 
r * l The villages of Bisheh Had i Kowl i end Mohammabad with 50ha, 
TOOha and 80ha of rice, res~ctively, in 1966, had discontinued this 
crop in 197 4. Bisheh s 1 tua ted south-east of the Z~yandeh Rud had 
only 2ha of Irrigated cUltivation in 1974. It seems likely that farm 
lana and water supplies of Had i Kowl1, north-east of Ysfahan had 
been de~leted by urban expansion. Of its 75ha of irrigated land in 
19741 ?Oha were croppea with irrigated wheat. In T974, irrigated whea~, stJgar-beet ana cucurbi t vegetables were being grown at 
Mohammabad, east of Khorasgan. Figure 6.20 shows that D1zi, a large 
vill?ge north of the Zayanneh Rud,-had 60ha of rice cropping in 1Yb6 
and 215 in 1974. 
741 Data Points: Areas of Rice Cultivation 
Data Points ( 1966+1974) 
0 10 20 30 40 50 60 70 80 90 100 
140:::·:··--.··:·.···.·.·:::··::·:•.•.•.• .... ·:::.:·.······.·::.•.••·.··:·:·::·:·.· .. : ... · .. :.:.•.•.·:·:·.··.•.·:-:: 
CJ) 
w 
a: 
-d: 
.,_ 
u 121-160 UJ . 
:I: 161-200 
. 
201-240 I 
Data Points 
0 10 20 30 40 50 60 70 80 90 
.............................. 
1-20::: ............ . 
............ 
............. 
···········~·~ 
. ......... . 
21-40 •••••• ·.n 
41-601 Entire Region 
Data Points 
0 10 20 30 40 50 60 70 80 90 
140 ::: :: ·. · .. : ·.: : : ........ :::: :·.·:. · ......... :: ... : : :: ... ·: .. ... :: ... : _. .... : :. : : .
CJ) 41-80 :::.• 
w 
a: ~ 81-120 
frl 121-160 
:I: 
161-200 
201-240 
. .. .. ... ....... ········ ................. ········ ..... . 
Data Points 
0 10 20 30 40 50 60 70 80 
1-20: · .. ··· . . .............. . 
.. ········ ...... . 
(West of Esfahan) 498 Data Points 
Data Points 
0 10 
CJ) 
~ 1-40: 
~ 41-80 
~ 81-120 
Data Points 
0 10 
1-2o§ 
21-40r 
Figure 6. 20 
East of Esfahan (243 Data Points) 
-Ul Q) 
,..., 
10 
.u 
u Q) 
B 
Q) 
u 
..... 
0:: 
.. 
qt 
[' 
0\ 
....-! 
Figure 6.21(a) 
""""~ 
SCATTER Pt.ar 
* 
88.~~~ 
* 2 * * * 44.~~~ * 
* * * 3 
2 * * * 
* * * * * * * 
2 2*2 2 2 * 
X*5664 ** ** * 
~- X65477* * * * * * 
~- 4~.~~~ 8~.~~~ 2~.~~~ 
1966: Rice (Hectares) 
Figure 6.21(b) 
SCATTER Pt.ar 
N= 738 OUT OF 741 2.RICE76 VS. 74.RICE66 
RICE76 
6~.00~ 
48.000 
36.000 
24.0~0 
12.0~0 
0. 
0. 
2 
* * 
2 * 
* 
* 
* * 
* 2 * * 
* 
* 
5 ** 2 * 
6 224 
6 *3** * 
4 2 ** 2 
9**3* 
X22**2426 * 
12.000 
1nrr 
* 
* * * 
* 
* 
* 
2 
* 
* 
* 
* 
* * * 
* 
* 
* 
* * * 
* 
* 
* * * 
24.000 48.000 
36.0~0 
-~-- ,,__ 
* 
1~~.0~ 
RICE66 
60.000 
143 
water supply conditions were improving as a result of the new 
Nekuabad Right Bank supply and drainage system and it was conceivable 
that the Deh Sorkh depression could become an area of rice 
cultivation. Between 1966 and 1974, more rice was cultivated in the 
Falvardjan and Kararedj plains because the Shah Abbas dam provided 
greater quantities of surface water and the ground water tables had 
risen. In fact, the Esfahan Regional Water Authority was concerned 
that water logging in the Falvardjan plain was being exacerbated by 
this form of cropping. The correlation between rice cultivation and 
water table elevation is confirmed by the similarity of the patterns 
of cropping and of shallow wells in the western part of the region. 
In fact, rice cultivation benefits aquifer recharge since much of the 
irrigation water infiltrates through the soil. 
In 1977, the Esfahan Regional Water Authority expressed concern 
at the volume of water being expended on rice and stated that it 
should be reduced, especially in view of the water deficiencies of 
the Rudasht plain. It was believed that the introduction of water 
pricing would restrict rice cultivation. The rice grown in the 
Fsfahan region was the Orzya sativa subspecies indica type. By 
introducing the higher yielding, short-grained subspecies japonica 
(50), both the land and volumes of irrigation water required could 
have been reduced. 
~·2·53 Labour Requirements And Total Production 
The total production of 8,100 tonnes of rice in 1972 represented 0.9% 
of national production and 16% of local demand (51). Although it was 
expensive to cultivate, rice was more profitable than either 
irrigated wheat or barley and the local demand for it was increasing. 
The Sogreah Consulting Engineers estimated that average profits could 
be increased further from 83,000 rials/ha to 87,000 rials/ha if 
average yields could be raised by better husbandry from 4.5 
tonnes/ha to 5.0 tonnes/ha and if labour requirements could be 
reduced from 210 to 115days/ha/yr by better farm organisation and 
more mechanisation (52). 
6.5.6 Patterns of Fodder Production 
--- -
The most important fodder crops grown in the Esfahan region were the 
cereals discussed previously. Figure 6.22 illustrates the data 
(summarised in Table 6.16) pertaining to the regional patterns of 
other fodder crops grown in 1974. During fieldwork in 1977, 
extensive alfalfa cultivation was observed in both the eastern and 
western parts of the region. There was comparatively little in the 
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Rudasht plain, however, probably because alfalfa requires regular and 
numerous applications of good quality irrigation water. Alfalfa was 
superior to barley as a fodder crop since it could be cut repeatedly 
during the summer, between May and October. In the reclaimed areas 
of the Margh depression in 1917, hundreds of hectares were being 
cultivated and the alfalfa cut 6 or 7 times during the summer. 
Farmers could grow the crop for as long as five years before another 
crop, normally a cereal crop, had to be sown. Alfalfa was 
consequently less costly in terms of seeding and cultivation than 
irrigated barley or wheat. In the Kararedj plain, the annual yields 
of alfalfa varied between 35 tonnes/ha and 50 tonnes/ha [ *]. 
Dichotomous information on alfalfa cropping was collected in 1966 
when it was being grown at only 30 study data points, illustrated by 
Figure 6.23. It is believed that the regional pattern depicted by 
Figure 6.22 is mainly of alfalfa cultivation. Alternative fodder 
crop3 were comparatively unimportant. 
was being grown at 20 study data points 
Q 
Figure 6.24 shows that clover 
in 1966. This short-term 
annual fodder crop increases the fertility of land which may have few 
alternative uses. A map of sainfoin cultivation in 1966 showed that 
this fodder crop was grown at one data point in the southern part of 
the Mahyar plain. 
In 1974, at 98 of the 220 study data points situated in the 
Ochian region, a total area of 588ha (see Table 6.16) was devoted to 
fodder crop3. Individual data point hectarages were generally small 
but the village of Dizi, situated to the north of the Zayandeh Rud in 
the Nekuabad gap, had 11 Oha in 197 4. The grid square areas of Figure 
6.22 contain other data points growing fodder crops in 1974. 
In the Lenjan region, an important livestock area, 81 of the 131 
study data points were growing fodder crops in 1974. The data points 
in most grid square areas of Figure 6.22 had fodder crop hectarages 
of less than 60 [**]. The eastern area of the Najafabad plain and the 
Falvardjan plain comprised one of the most important livestock 
husbandry areas in the Esfahan region and many data points had very 
large hectarages of fodder crops. The settlements of Qal' eh Shah and 
Kushk each had 1 20ha of fodder crops and Ashgarabad and Aderyan each 
had 1 02ha in 197 4. All these villages were situated be tween 
Qadherijan and Homayounshahr, on the western border of the 
madi-irrigated zone. Figure 6.22 shows that hectarages of fodder 
crops were smaller to the west of Najafabad in the Morghab valley, in 
[ * l Unfortunately, detailed information on alfalfa cultivation was 
r!t swcified in either the 1966 or 1974 sets of data. **] In one grid squarei however, on the northern border of the nJan plain, the vi l~es gf Dashteh, Bondart and 
Mehranjan-e-Aramaneh had 24, 45 and 36ha, respectively. 
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the Kararedj, Baraan and Rudasht plains. The only grid square area 
containing data points with more than 100ha of fodder cultivation in 
1974 was situated south of the Zayandeh Rud, in the eastern part of 
the Baraan plain [*]. 
~·2·1 Patterns Of Sugar-Beet Cultivation 
~·2·~ General Aspects 
Sugar beet, Beta vulgaris subspecies cicla (53) was the most 
important, processed, annual field crop of the Esfahan region. The 
climate of the Esfahan region is conducive to sugar-beet cultivation. 
The crop is sown in May and harvested in November. Sugar-beet is 
tolerant of frost. Frosts that occur occasionally in May help to 
. vernalise the plants and prevent premature bolting. The spring and 
summer temperatures of the region encourage the rapid germination and 
growth of the crop. The high summer temperatures of the Baraan and 
Rudasht plains, however, may retard growth and inhibit sugar 
producing processes in the plants. 
In 1971, there were 19,325ha of sugar-beet cultivation (54) and 
in 1972, the Sogreah Consulting Engineers estimated approximately 
16 ,CXX)ha, which was roughly 16% of the total cultivated area of the 
region. The average yield was approximately 38 tonnes/ha (55). 
Figure 6.25 represents the data provided in a dichotomous form by 
the 1966 Village Gazetteer whereas Figure 6.26 illustrates the 
detailed statistical information from the 1974 Agricultural Survey of 
the region. Figure 6.26 is probably an accurate representation of 
the actual pattern of the sugar-beet cultivation in the region, since 
Table 6.17 shows that the total area of sugar-beet associated with 
the 741 selected data points was 15,093ha. Figure 6.27 shows that 
although areas of sugar-beet associated with the data points ranged 
between 1ha and 1, 100ha, most were between 1ha and 100ha. The 
smaller, more detailed histogram of Figure 6.27 concerning areas of 
sugar-beet cultivation, indicates that, in fact, the majority were 
between 1ha and 50ha and the most numerous of these were beteen 1ha 
and 1 Oha. 
~-2·72 Ochian Region 
Figures 6.25 and 6.26 show that in 1966 and 1974, sugar-beet was 
only grown in the vicinity of Mobarakeh, in the eastern part of the 
main river valley of the Ochian plain. Rice was preferred to 
r*] This grid square contained the study villages of Andelan and 
Ziyan where 4ha and 272ha of fodder crops, res~ctively, were grown. 
Both villages were notable centres of livestock husbandry. 
Table 6.17 Hectarages Of Sugar-Beet 
+-----------+--------+---------+---------+--------+--------+ 
,-----?iain-,--rear-- NUmber-or -Maximum- 1--Mean-- 1--rotai- 1 1 1 Data Points Value 1 Value 1 Value 1 +-----------+--------+---------+---------+--------+--------+ ~----ochian-:--1974--:---226---~--1646---~--26:;--:--4411--: 
+---------=-+-~~--~-+-~------+---------+--------+--------+ l Lenj an l 197 4 l 131 l 1 00 : 15. 0 l 1 960 l 
t-~---~--~"'"t--- -~ I --------+---- ·-- I ----+ 1Falvardjan l 1974 1 41 1 40 : 4.6 1 188 l 
+-----·-+----- - t ~ ·-co+----+----+-------+ I Najafabad I 1974 I 39 I 190 I 13.1 I 512 : 
+------+--· I a----- • I - ----I ----+-----T I Esfahan I 1974 : 84 : 31 l 3.3 l 280 l 
+--- ·-• -- I -----+------ --+-----+ 
l Kararedj l 1974 l 68 l 380 42.1 I 2863 l 
+-------+---..,;,--+--- I - ---+-------+ I 
I Baraan I 1974 l 55 l 500 70.1 l 3902 I 
+ 
--------+-------+-- -------+ + I Rudasht I 1974 I 103 I 100 I 9.5 I 977 I 
+---- - •I 
-------t=========t=========t========t========t 
I 7 41 I 1 Q4Q I 2Q o 4 I 15093 I 
+- -- • I ----- - I -----+------+ 
Table 6.18 Hectarages Of Oil-Seed Crops 
+===========+========+=========+=========+========+========+ 
1 Plain 1 Year Number Of Maximum j Mean j Total j 
1 1 Data Points Value 1 Value 1 Value 1 
+===========+========+=========+=========+========+========+ I Ochian l 197 4 I 220 I 12 I 0 • 1 l 30 I 
t- ---+-- -+-------+-------+ I Lenjan I 1974 131 10 I 0.3 I 34 I 
+----------+-------~--------~--------+--------+-· ----+ IFalvardjan 1974 41 6 l 0.2 I 8 I 
+-----·--t-----~------+---- I·- ·-- I -----+ l Najafabad 1974 l 39 6 I 0.2 I 7 I 
~--E"'"s_f_a_h-an-~-1-9-7-:-4-t-! ---~8-:-4--+-- 10 ! 0. 2l 20- - i 
+--------·--+-----~--------~--------+-------+-- - --+ l ,Kararedj 1974 I 68 3 I 0.3 l 19 l 
+--------~-------+-- -----+-----+ l Baraan 1974 I 55 9 I 1.0 I 56 I 
+-- - -1 - ----+ l Rudasht 1974 l 103 I 10 I 0.4 I 39 I +--------+-------t _________ t_________ t________ t________ + 
~---741---.---12----~--6:3---~--213 ___ : 
+-------+----- I -t-
Table 6.19 Hectarages Of Irrigated Cotton 
+===========+========+=========+=========+========+========+ 
1 Plain 1 Year Number Of Maximum j Mean 1 Total j 
1 , Data Points ValUe 1 Value 1 Value 1 t-----------+--------t---------t---------+--------+--------+ ~----ochian-:--1974--~---226---~---,2----~--o:2---~---46 ___ : 
+- -- I ------+--------+-------- I ··--+-------+ I Lenj an I 197 4 I 130 I 0 I 0. 0 I 0 I 
+- -+-------+-------1- -----+-----+--------+ lFalvardjan I 1974 l 41 I o I o.o I o I 
+----------+ ·-----+-------+------+-----+-------+ 
l Najafabad l 1974 l 39 l 0 l 0.0 l 0 l 
+ ---- ·--+------+---- -------+------+-------+ 
l Esfahan l 1974 l 84 l 10 l 0.3 l 26 l 
+------+------- I -----+--~~~+--- D 1-------+ I Karared j I 197 4 I 68 I 6 l 0 • 2 I 11 l 
+-------1- --+--------+- - I ----+------+ 
l Baraan I 1974 l 55 I 25 l 1.3 l 70 : 
+---- -----+-------+-----• I ----+------+ 
l Rudasht I 1974 l 103 I 150 I 5.5 l 570 : 
+--- -------+=========+=========+========+========+ I 7 4 1 I 1 50 : 1 • o : 71 7 l 
+--------+---- t ---+------+ 
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sugar-beet because it was more profitable. Figures 6.25 and 6.26 
show that in 1966 and 1974, sugar-beet was extensively grown around 
the data points situated in the fertile soils covering the large 
gravel fans to the south of the Zayandeh Rud. The maps indicate the 
increase in the relevant data points between 1966 and 1974. Figure 
6.26 shows that in 1974, many data points beyond the main zones of 
sugar-beet cultivation, grew small crops. Of the 220 study data 
points in the Ochian region, 81 cultivated sugar-beet in 1974. Table 
6.17 shows that the mean area of cultivation associated with all the 
Ochian data points was approximately 20ha. Figure 6.26 shows that 
almost all the grid square areas containing sugar-beet in the Ochian 
region, had less than 50ha [*]. In 1966, the average yield of 
sugar-beet was 34 tonnes/ha (56). 
_§_.2_. 73 I.enjan, Falvardjan, Najafabad And Esfahan Plains 
Figures 6.25 and 6.26 show that the I.enjan plain was one of the 
most important areas for sugar-beet cultivation in the Esfahan region 
but that the Najafabad, Falvardjan and Esfahan plains were relatively 
unimportant. In the Najafabad plain, the soils were generally too 
dry and poorly irrigated in the summer for sugar-beet cultivation; 
the only suitable areas were in the southern parts which were 
essentially extensions of the I.enjan plain. In that area, the 
village of Sol tanabad devoted 1 ~ha to sugar-beet in 1974. At that 
time, only 5 of the 39 study data points in the Najafabad plain were 
growing sugar-beet. Table 6.17 shows, however, that the total 
cropping area for these study data points was 512ha. 
In 1974, only 15 of the 41 study data points situated in the 
Falvardjan plain were growing sugar-beet. Table 6.17 indicates that 
the total cropping area associated with these points was 188ha. 
Although the soils were suitable for sugar-beet cultivation, the 
growing of irrigated wheat, fodder crops and cucurbit and 
non-cucurbit vegetable crops was mainly preferred. Figures 6.25 and 
6.26 confirm that the cultivation of sugar-beet in the Esfahan plain 
was confined to small areas in 1974, since in most of the grid square 
areas, such areas were below 15ha. Only 27 of 84 study data points 
of the Esfahan plain were growing sugar-beet in 1974, the total 
cropping area being 280ha. Factors adverse to sugar-beet cultivation 
were probably similar to those of the Najafabad plain. 
[*] A map with much greater class intervals indicated two grid 
squares with over 500ha of sugar-beet, one to the south-east of 
Morabakeh and the other beyond the largest, south-eastern, alluvial 
extension of the area. · 
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.§_ • .2_. 74 Plains Fast Of Esfahan 
The most important areas for sugar-beet cultivation in the Esfahan 
region were the Kararedj and Baraan plains. The greyish-brown, loamy 
sands and sandy loams of these areas were particularly favourable to 
sugar-beet but supplies of irrigation water were variable. The 
madi-irrigated zone of the Kararedj plain was not only dependent on 
water diverted from the Zayandeh Rud but also on additional supplies, 
derived by pumping, from shallow and semi-deep wells. The northern 
parts of the Kararedj plain, beyond the main zone of riverine 
irrigation, were utilising pumped water from semi-deep and deep 
wells. Although riverine water was utilised in the Baraan plain, 
most of the irrigation water was obtained from numerous shallow and 
semi-deep wells. The yields of sugar-beet were generally lower than 
those of the plains upstream. In 1966, the average yields in the 
Kararedj and Baraan plains were 36.4 tonnes/ha and 29.5 tonnes/ha, 
respectively (57). Many Baraan landlords offset their low yields by 
expanding the areas used for cultivation and, to a lesser extent, by 
exploiting mechanisation to reduce labour costs. Table 6.17 shows 
that in 1974, the mean values of the sugar-beet areas around the data 
points of the Kararedj and Baraan plains were approximately 42ha and 
70ha, respectively, and much higher than those of study data points 
elsewhere in the Esfahan region. Table 6.15 also shows that in 
1974, the total cropping areas of the data points of the Kararedj and 
Paraan plains were 2, 863ha and 3, 9J2ha, respectively. In 1 97 4, 
sugar-beet was grown at 49 of the 68 study data points in the 
Kararedj plain and at 50 of the 55 study data points in the Baraan 
plain. In 1977, around many villages, particularly in the Baraan 
plain, the variable quality of the extracted ground water sometimes 
made sugar-beet cultivation unreliable. Although established 
sugar-beet is tolerant of moderate amounts 
particularly vulnerable during germination. 
living to the south of the Zayandeh Rud, related 
of salt, 
One Paraan 
that he 
it is 
farmer, 
had lost 
20ha of sugar-beet when he inadvertently used saline water. To test 
the water to be used for irrigation, the farmers usually tasted it. 
Figure 6.26 shows the extensive cultivation of sugar-beet in 
the madi-irrigated zone of the Kararedj plain and the irrigated areas 
surrounding the Gavart mountains [ *]. Figure 6. 25 shows more than 20 
grid square areas with more than 50ha of sugar-beet in the Baraan 
plain [**]. Comparison of Figures 6.24 and 6.25 show similar 
patterns of sugar-beet cultivation in the Rudasht plain in 1966 and 
[*] A map with wider class intervals indicated that several of these 
gr1q square areas contained more than 100ha of sugar-beet in 1974. 
L**J TWo grid square areas, containing the stugy villages of TliDyart 
and Ziar and Andelan, each had approxliDa.tely 500ha of sugar-beet. 
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1974. less sugar-beet was grown in that area than in the Baraan 
plain because supplies of good quali~ irrigation water were more 
limited and the soils frequently contained too much salt for 
profitable cultivation. Figure 6.25 shows that in 1974, sugar-beet 
cropping was heavier in the eastern part of the Rudasht plain than in 
the west. In 1974, 6 grid square areas situated in the east 
contained more than 5ha of sugar-beet and 3 grid square areas, 
between 41ha and 50ha. Comparison of Figures 6.24 and 6.25 
indicates that sugar-beet was grown in 1966 but not in 1974 in the 
small cultivated area, containing Sayyedabad, Magreh and Kishi, to 
the north of the Rudasht plain. In 1974, sugar-beet was grown at 44 
of the 103 study data points of the Rudasht plain, the total cropping 
area amounting to 971ha. 
~·2·15 Total Production And Processing 
In 1971 , 619,CXX) tonnes of sugar-beet were produced in the Esfahan 
region (58) and in 1972, the total yield was 605,000 tonnes, 
constituting 16% of national production and 255% of that needed 
.locally. In 1972, sugar-beet was the only form of agricultural 
production contributing positively to the demand of the rest of Iran 
(59). In 1972, three privately-owned sugar-beet refineries had a 
to tal capacity of 7, 500 tonnes/ day ( 60) . Supplies to these 
refineries were assured and in 1977, it was planned to raise their 
combined capac i ~ to 1 0, CXX) tonnes/ day. These plans incorporated a 
scheme to raise purchasing prices to cover the high increases of 
labour costs. The Ministry of Agriculture anticipated that this 
scheme and the irrigation improvements provided by the new hydraulic 
infrastructure would permit the total area of sugar-beet cultivation 
to be extended to over 20,000ha by 1979 (61). The Sogreah Consulting 
Engineers estimated that the average yield could be increased to 43 
tonnes/ha and that the total production could be raised by 30% to 
7CJJ,CXX) tonnes by 193'7. Reference to predictions of population and 
food requirement increases indicated that in 1987 the local demand 
for sugar-beet would approach 108,400 tonnes/yr as canpared with 
31,200 tonnes in 1972 (62). 
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~·2·~ Patterns of Oil Producing Crops 
6.5.81 Total Production 
---
The oil-extraction industry of the Esfahan region had developed with 
the increasing cultivation of cotton and oil-seed crops. The Fsfahan 
Industrial and Vegetable Oil Plant, which produced "Naz" vegetable 
oil, had a capacity of 12,c:x::D tonnes. In 19'72, the output was 
approximately 4,500 tonnes but in 1977 it was at capacity level (63). 
~·2·82 Sunflower, Soya :Bean, Salflower And Sesame 
The most important oil-seed crops were sunflower, followed by soya 
bean and salflower. In canparison, the hectarage of sesame was small 
and of olive, very small. Information on the farming of these crops 
is presented in the 1966 Village Gazetteer: maps illustrating these 
dichotomous data show only one or two villages growing sesame or 
olives. Figure 6.28, which illustrates the pattern of oil-seed 
production in 19'74, was more informative: the pertinent data points 
were scattered throughout the region and their cropping areas were 
generally small. Most grid square areas represent hectarages below 
8. More detailed information concerning the areas of oil-seed 
cropping is given by the histogram of Fig 6.27. This shows that at 
all the data points, the oil-seed cropping areas were between 1ha and 
16ha and most of them, between 1ha and 4ha. Figure 6.28 shows that 
oil-seed crops were cultivated in a limited area of data points in 
the Ochian region, south of the Zayandeh Rud. One grid square area, 
in the south-eastern part of the region, contained more than 10ha. 
In the Lenjan plain, oil-seed crops were grown at several data points 
and one grid area had more than 10ha. In 19'74, these crops were 
grown in only a few villages situated in the Naj afabad , Fal vard jan, 
Esfahan and Kararedj plains. Figure 6. 28 shows, however, numerous 
grid square areas containing oil-seed cropping in the Baraan and 
Rudasht plains. 
Sunflower was the most extensively grown oil-seed plant in the 
Esfahan region as the yields of good quality seeds were high and only 
small amounts of irrigation water were needed. Its efficient root 
system provides resistance to drought. Sunflower flourished in the 
alkaline soils of the Baraan and Rudasht plains. It is most 
sensitive to salinity at the seedling stage but increasingly tolerant 
with developing maturity. The yields of sunflower in the Esfahan 
. region were generally 1 tonne/ha ( 64). The sunflower, grown in the 
Lenjan, Baraan and Rudasht plains, provided valuable high-protein 
by-products for livestock feeds. 
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Soya is not as easy to grow as sunflower since it is damaged by 
frost during growth and is sensitive to water shortages from the time 
of flower bud differentiation until the end of fruiting. Although 
little was grown in the Esfahan region, the area was generally 
suitable for its cultivation and, with careful husbandry, yields of 2 
tonnes/ha were possible . 
.§_ • ..2_.83 Cotton 
In 1974, a total area of 213ha of oil-seed crops (see Table 6.18) 
was associated with 101 of the 741 study data points. The oil 
produced however did not equal that obtained from cotton seed. In 
1972, the average yield of cotton in the Esfahan region was estimated 
to be approximately 2.0 tonnes/ha and the price obtained about 
20,000 rials/tonne giving an average profit of about 40,100 rials/ha. 
The Sogreah Consulting Engineers estimated that the profits from such 
cultivation could be increased to 53,500 rials/ha if yields could be 
raised to 2.5 tonnes/ha by increasing irrigation water supply. They 
believed that labour requirements could not be reduced further by 
mechanisation (65). 
Figure 6.27 shows that in 1974, irrigated cotton was 
predominant in the eastern area of the Fsfahan region and that within 
, the grid square areas, the aggregate crop areas were mainly between 
1 ha and 20ha. Figures 6. 29 and 6. 30 show similar pat terns of 
irrigated cotton cultivation in the Fsfahan region in 1966 and 1974. 
There was no rainfed cultivation. Figure 6.30 shows that several 
grid square areas in the Ochian region, south of the Z~andeh Rud, 
contained small hectarages of cotton. The availabili~ of irrigation 
water in that area meant that yields were much higher than those 
further east. The average yield for that area was 3.5 tonnes/ha in 
1966 (66). In 1974, 12 study data points situated in that part of 
the Ochian plain, were associated with 40ha of irrigated cotton (see 
Table 6. 19) . In 1966, one 1 im i ted area around the village of Gavar t 
. in the northern part of the Kararedj region and another area south of 
the Zayandeh Rud in the Baraan plain had average yields of cotton of 
2.2 tonnes/ha and 1.0 tonnes/ha, respectively (67). In 1974, the 
largest cotton crops were grown in the Rudasht plain and in the 
cultivated areas to the north and south. These eastern areas of the 
Esfahan region were favourable to cotton since it flourishes in arid 
areas where water is supplied by irrigation. Dry conditions at the 
first flowering prevent excessive "Eoll" shedding (68). Cotton, with 
its tolerance of moderate salini~, grew satisfactorily on the poor 
soils of the Rudasht plain. The high summer temperatures facilitated 
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successful cultivation. In 1974, at 65 of the 103 study data points, 
cotton was grown. Yields varied but in 1977, a landlord growing 
extensive areas of cotton west of Varzaneh asserted that his yields 
were between 1tonne/ha and 1.5 tonnes/ha. Table 6.19 shows that in 
1974, the total hectarage in the Rudasht plain was 570, and 717ha 
were grown throughout the Esfahan region. In view of the capacity 
1-'roduction of the Esfahan Industrial and Vegetable Oil Plant, it was 
almost certain that after 1974 hectarages of oil producing crops 
mcreased. 
6.5.9 Patterns of Tobacco Cultivation 
---
Figure 6.31 shows that tobacco cultivation was extremely localised 
'.between Homayounshahr and Esfahan and to the south of Homayounshahr. 
In 1974, 160ha of tobacco were grown at 10 study data points; there 
were 49ha at each of Ashgarabad and Aderyan but much smaller areas, 
varying from 29ha at Tiranchi to 1ha at Tejyabad, were cultivated at 
other villages. In 1972, the tobacco yield was approximately 2.0 
tonnes/ha and the farmers were obtaining 33,000 rials/tonne. The 
profits fran tobacco cropping were generally greater than from 
irrigated wheat and barley, sugar-beet and cotton cultivation but it 
required skilled and prolonged husbandry. In 1972, profits from 
tobacco cultivation were, on average, 43,900 rials/ha, and the labour 
requirements were 250days/ha/yr (69). 
In Esfahan, the tobacco was processed for pipe-smoking. In 
1973, that factory processed 4,000 tonnes but had a capacity of 6,000 
tonnes/yr (70). There seems to be a great disparity between the 
,production figures for local tobacco and the quantity processed at 
the factory. The 1974 Agricultural Survey may be inaccurate, large 
hectarages may have been grown at data points not included in the 
study, the capacity and output of the factory may have been 
over-estimated, or considerable quantities of tobacco may have been 
imported. 
~·2·12 Patterns of Vegetable Cultivation 
~-2-101 General Spatial Aspects And Data Sources 
In area, fresh vegetables were in 1972 the third most important crop 
after cereals and sugar-beet grown in the Esfahan region. The 
6,460ha of cultivation occupied 6% of the total agricultural area 
(71 ) . The 1974 Agricultural Survey data set includes detailed 
information on cultivation of cucurbit vegetables and of other 
.egetables: 3,035ha (see Table 6.20) and 2,175ha (see Table 6.21 ), 
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Table 6.20 Hectarages Of Cucurbit Vegetable Crops 
Table 6.21 Hectarages Of Non-Cucurbit Vegetables 
+-----------+--------+---------+---------+--------+--------+ ~-----?fain_I __ Year-- NUffi5er-or -Maximum_I __ Mean--,--rotaf-1 
1 1 Data Points Value 1 Value 1 Value 1 
+===========+========+=========+=========+========+========+ I Ochian I 197 4 I 220 I 35 I 1 • 0 I 230 I 
+-- ---+---- t --- I -----+----+------+ I Lenjan I 1974 I 130 I 41 I 3.6 I 474 I 
+-- ---+-- ----I-- -- I ---+ 
IFalvardjan : 1974 41 : 27 I 6.8 I 278 I 
+- -- I ---+--------r-- I ---+ I Najafabad 1 1974 39 I 30 1 2.4 1 95 I 
+-- ----- I -----+-- --+------+ I Esfahan I 1974 84 I 45 I 3.3 I 280 I 
r-----r--- --- I - ---t -- ·I- ---t 
I Kararedj I 1974 I 68 I 34 1 3.3 I 223 I 
+------+------+-- -----+----m.. --- - •f • •-----+ 
Baraan I 1974 I 55 I 103 I· 9.1 I 502 I 
+------·------+-1 --------+---------+--------+--------+-------+ 
I Rudasht : 1974 : 103 : 31 I 0.9 : 89 : 
+-------------+--------+=========+=========+========+========+ I 741 I 103 :2.9 12171 I 
+---------+---------+-------+--------+ 
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respectively, being devoted to them at the 741 data points. The 
total area of 5,193ha at these places thus approximated the total 
area at all the data points in the Fsfahan region. In the 1966 
Village Gazetteer, the information concerning vegetable cultivation 
was presented in dichotomous form and was consequently less 
informative than that of 1974. The presence or absence of particular 
crors at the data points was noted, however, so that the two data 
sets, although not strictly comparable, are, to some extent, 
complementary . 
.§_.2_.102 General Economic Aspects. 
In 1972, the total production of fresh vegetables was approximately 
130,000 tonnes, constituting 9.7% of national production and 93% of 
local demand (72). The difference between production and local 
demand varied according to season. From forecasts of population and 
food requirement increases, these consultants suggested that the 
demand for fresh vegetables would rise considerably from the 1972 
total of 148,000 tonnes, to 253,100 tonnes in 1977, to 293,000 tonnes 
in 1931 , and to 413,300 tonnes in 1937 (73). They suggested the 
establishment of two pilot stations for conducting crop trials and 
husbandry experiments. It was suggested that to improve and expand 
marketing quality, standards should be introduced; a local and a 
national marketing system should be organised; price indexes for the 
various markets should be recorded and published; and officials 
should be appointed locally to advise farmers on optimum cropping 
techniques (74). To increase production, the Sogreah Consulting 
Engineers proposed considerable investment in the creation of large 
greenhouses in the western part of the region capable of producing 
8,000 tonnes/yr, and general improvements including mechanisation and 
improved husbandry. If implemented, these proposals could lead to an 
increase in production of 115,000 tonnes/yr by 1987 (75) • 
.§_.2_.103 Cucurbit Vegetables 
.§_.2_.1031 General Aspects 
Melon, water melon and cucumber were the principal cucurbit 
vegetables grown in the Esfahan region. Figures 6.32, 6.33 and 
6.34 represent the individual cropping patterns of these cucurbit 
vegetables in 1966. Figure 5.35 represents the regional pattern of 
these crops in 1974. Comparison of Figures 6.35, 6.32, 6.33 and 
6.34 indicates that cucurbit vegetables were grown at more data 
points in 1974 than in 1966. The histograms of Figure 6.36 indicate 
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that most areas of cucurbit vegetable cultivation in the Esfahan 
region were between 1ha and 20ha. Areas greater than 61ha only 
existed west of Esfahan. The detailed histograms indicate that the 
land devoted to cucurbit vegetables at each data point was generally 
between 1ha and 4ha. 
In 1fJ72~ the Sogreah Consulting Engineers estimated that the 
average yields of water melon and cucumber were 23 tonnes/ha and 29 
tonnes/ha, respectively. Farmers were obtaining 2 ,BXJ rials/ tonne 
for water melons and 4,500 rials/tonne for cucumbers. The Sogreah 
consultants determined that the introduction of small rotovators 
. could reduce labour requirements from 115 to 110days/ha for water 
melon cropping and from 485 to 300days/ha for cucumber cropping. 
Improved irrigation and fertiliser control were suggested to raise 
the average yield of water melon to 29 tonnes/ha and cucumber to 41 
tonnes/ha. Such innovations were believed to be ways of increasing 
the average profits of water melon cultivation from 64,400 rials to 
81 ,200 rials/ha and those of cucumber from 130,000 rials to 183,000 
rials/ha (76). 
~-2-1032 Ochian Region 
Figure 6.35 shows that cucurbit vegetables in the Ochian region were 
mainly grown at data points on the fertile soil of the gravel fans to 
the south of the Zayandeh Rud. Out of 220 study data points in the 
area, 37 were concerned with cucurbit vegetable cultivation in 1974. 
Figures 6.32, 6.33 and 6.34 indicate that melon was the only 
cucurbit vegetable widely grown in the Ochian region in 1966. 
Indeed, in the 1966 average yield estimates for cucurbit vegetables, 
melon is quoted as 17 tonnes/ha in the Ochian region (77). Summer 
cultivated cucurbi t vegetables required twice as much labour, per 
hectare, as rice and were less successful in the warm, moist 
conditions of the river valley than in the less humid plains further 
west. High humidity promotes leaf diseases in all cucurbit vegetable 
crops (78). Cucurbit vegetables were often grown as an alternative 
to rice, especially where abundant cheap labour was available. In 
1 fJ74, a few villages around Mobarakeh in the eastern part of the 
river valley and the villages of Masih, Behjarabad and Kallen 
Mosalman to the west, were growing both cucurbit vegetables and rice. 
The rice hectarages of all these villages were considerably greater 
than those of cucurbit vegetables. Melon was normally grown, in 
rotation with irrigated barley, wheat and sugar-beet, on the drier 
soils to the south of the Zayandeh Rud river valley. Cultivation of 
cucurbit vegetables on the same land in two successive years is 
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precluded since it induces proliferation of destructive nematodes. 
~·2·1033 Lenjan And Mahyar Plains 
Comparison of Figure 6.35 with Figures 6.32, 6.33 and 6.34 
indicates more extensive cucurbi t vegetable cultivation in 1 CJ74 than 
in 1966 in the Lenj an plain. The pat tern of Figure 6. 32 
demonstrates almost certainly that melon was the principal cucurbit 
vegetable in 1CJ74. Figure 6.32 shows that in 1966, melon was 
cropped by the villages in the northern and south-eastern parts of 
the Lenjan plain and in the northern part of the adjacent Mahyar 
plain. Melon grew most successfully where the soils were dry and 
irrigation water was freely available. Yields were normally higher 
Ln the south-eastern part of the Lenjan plain and the northern part 
of the Mahyar plain than in the northern part of the Ienjan area 
because the soils were generally drier and their alkalinity favoured 
greater productivity. In southern areas, cucurbit vegetables were 
grown at the expense of almost all other labour-intensive crops. 
Melon was watered lightly but frequently and in both northern and 
southern areas, produced the first mature fruits after 120 days. In 
1966, the average yield of melon was 34.8 tonnes/ha in the southern 
area and 19.5 tonnes/ha in the intensive market gardening area to 
the north (80). Figures 6.33 and 6.34 indicate that only a few 
data points were concerned with cucumber and water melon cultivation. 
In 1CJ74, 71 of the 131 study data points situated in the Lenjan and 
Mahyar plains grew cucurbit vegetables. In the south-eastern part of 
the Lenjan plain and in the northern Mahyar plain area in 1966, the 
average yield of cucumber was 27.5 tonnes/ha and of water melon, 
12.2 tonnes/ha. In the northern part of the Lenjan plain in 1966, 
the average yield of water melon was 20.3 tonnes/ha (81 ) • 
.§.·2·1034 Najafabad And Falvardjan Plains 
Figure 6.35 suggests that in 1CJ74, cucurbit vegetables were 
cultivated at many data points to the west of Najafabad and in the 
madi-irrigated areas and their borders in the Falvardjan plain. 
Figures 6.32, 6.33 and 6.34 indicate that of the cucurbit 
vegetables, only melon was grown in the Morghab valley to the west of 
Najafabad. The 1966 average yield evaluations, however, included 
cucumber yields of 15.5 tonnes/ha, melon, 26.0 tonnes/ha and water 
melon, 30.3 tonnes/ha (82). 
Water melon, like melon, flourishes in hot, dry climates but 
prefers lighter, sandy soils and is intolerant of pH levels below 
5. 5. Its first mature fruiting takes longer than melon and its crop 
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life is up to 150 days (83). Figure 6.35 illustrates the importance 
of cucurbit vegetables in the FaJ. vardjan plain [ *]. Although water 
melon, melon and cucumber were grown in that area in 1966, average 
yields were not evaluated (84). 
6. 5. 1 035 Esfahan Plain 
----
Figure 6.35 indicates that large areas of cucurbit vegetables were 
grown on the dry soils of the Fsfahan plain in 1974, and from Figures 
6. 32, 6. 33 and 6. 34, it appears that melon was the cucurbi t 
vegetable most extensively grown. Numerous semi-deep and deep wells 
provided most of the irrigation water and the sandy loams were ideal 
for cultivation. In 1966, melon was cultivated at many data points, 
particularly between Gaz and Esfahan, and in the north-eastern part 
of the area, its average yield was 14.6 tonnes. In that area also, 
the average yield of the smaller cucumber was 2.3 tonnes/ha and of 
the water melon, 16 tonnes/ha (85). Table 6.20 indicates that the 
mean area of cucurbi t vegetable cultivation surrounding the 84 data 
points of the Esfahan plain was 10.2ha, which was higher than that of 
plains of the lenjan (4.3ha), Falvardjan (4.9ha), Najafabad (5.4ha) 
and Kararedj (5 .1 ha). 
6. 5.1036 Plains East Of Esfahan 
---- ---
The Kararedj plain was particularly important for cucumber. 
Fieldwork in 1977 confirmed impressions imparted by Figure 6.34 of 
areas of cucumber cultivation at many data points in the 
mad i-irrigated zone between the Shah Kuh and Gavart mountains. In 
1977, polythene cloches were being used to promote early maturity of 
the cucumbers. Yields of more than 30 tonnes/ha were noted. Smaller 
areas were devoted to melons. 
The hot, dry alkaline soils of the Baraan plain were ideal for 
cucurbit vegetables, especially water melon and melon, and many 
farmers specialised in them. Small hectarages of cucumber were also 
being cultivated. In 1966, the average yield of cucumber was 43.3 
tonnes/ha, the highest in the region. The average yields of melon 
and water melon were 23.8 tonnes/ha and 15.7 tonnes/ha, 
respectively (86). In 1974, 44 of the 55 study data points in the 
Baraan plain were involved in some cucurbit vegetable cultivation and 
Table 6.20 shows that the mean of the individual data point areas 
was 9.1ha. Figure 6.35 shows small areas of cucurbit vegetables in 
the Rudasht plain in 1974. Figures 6.32, 6.33 and 6.34 give no 
[*] One grid square to the north of Qadherijan, containing the single 
study . data paint of Khorramabad, had more than 125ha of cucur5i t 
vegetables in 1974. 
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evidence of cucurbi t vegetables in 1966. During fieldwork, only 
small areas of melon were noted to the west of Varzaneh. In 1974, 
cucurbit vegetables were being grown in 35 of the 103 study data 
points in the Rud ash t plain but the mean area was only 1 • 9ha . 
.§_. _2_.1 04 Non-Cucurbi t Vegetables 
.§..2.1041 General Aspects 
Non-cucurbit vegetables were extremely important in the Esfahan 
region, particularly to the west of Esfahan (see Figure 6.37). The 
1974 Agricultural Survey data set gives only general information on 
data point hectarages of non-cucurbit vegetables, without specifying 
which ones. The 1966 Village Gazetteer presents dichotomous 
information on every vegetable grown at individual data points and 
numerous maps were produced to illustrate their distribution in 1966. 
Fieldwork observations and these maps have been used in identifying 
the regional patterns of non-cucurbit vegetables in 1974. 
In 1972, the Sogreah Consulting Engineers suggested that the 
average yields of two non-cucurbit vegetable crops, potatoes and 
onions, were 19 tonnes/ha and 34 tonnes/ha, respectively. It was 
suggested that the average profit from potato cropping could be 
increased from 104,500 to 137,500 rials/ha and for onion cropping, 
from 153,000 to 193,500 rials/ha. It was predicted that the 
introduction of small rotovators in the western area of the region 
and large-scale mechanisation in the eastern area would reduce the 
average labour requirement for potatoes from 255 to 90days/ha and for 
onions from 435 to 185days/ha. With improved irrigation and correct 
applications of fertiliser, yield increases of 6 tonnes/ha and 9 
tonnes/ha for potatoes and onions, respectively, were forecast (87) • 
.§.·2-1042 Ochian Region 
The Ochian region was primarily a zone of polyculture. As we have 
seen previously, the river-plain area was important for irrigated 
wheat, barley and rice crops and the peasant land holdings were 
generally small. Figure 6. 38 shows the importance of vegetables in 
~he western and eastern areas of the river-plain. In 1977, there 
were small plots of potatoes in that area and cultivation was most 
successful in the warmth and moisture of the western part. Potato is 
a gross feeder, its weak fibrous root system is ill-adapted to deep 
penetration into the soil and it is highly vulnerable to aridity. 
The soil intended for potato planting must be well-drained, well-dug 
and broken down, to accommodate the weak rooting system, and dressed 
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with fertilisers and manure. It must, moreover, be as neutral as 
possible since potatoes are prone to scab disease in too alkaline a 
soil, i.e., over pH 7. The "seed" must be virus free (88). Yields 
of potato in the Ochian river plain were normally above 25 tonnes/ha. 
Potato wa.s preferred to cucurbit vegetables there, since the labour 
required for its cultivation, namely 150 days/ha/yr, was only one 
third of that required for cucurbit vegetables. The practice of the 
rotation of potato crops with irrigated wheat and barley and rice 
lowered the incidence of nematode and virus attack. In 1977, small 
areas of pea and tomato were observed in the Ochian river valley. 
Figure 6.38 also shows that non-cucurbit vegetable cultivation was 
important in the less intensively irrigated farming areas to the 
south of the river-plain. Seeds were sown in the first or second 
week of June and the crops harvested in the second or third week of 
October. The farmers applied small amounts of manure to enrich the 
soil and increase its fertilit,y and hence, improve subsequent crop 
yields . 
.§_ • .2_.104-3 Lenjan And Mahyar Plains 
The madi-irrigated zone of the lenjan plain was one of the most 
productive market gardening areas of the Fsfahan region. This lush, 
intensively farmed and densely populated area was a patchwork of 
small plots growing a wide variety of vegetables. Onions, tomatoes 
and potatoes predominated. In 1977, many small plots of onions but 
few large-scale areas were noted. The moist soils and cool spring 
temperatures of the area encouraged successful germination and the 
subsequent warm, dry summer conditions favoured the maturing, 
harvesting and curing of that crop. Apart from holding the moisture, 
the neutral soils promoted high yields of onion. Onions prefer soils 
of pH 6 to 7 (89). The onions matured 90 to 150 days after planting 
and in 1966, the average yield was 27.2 tonnes/ha in the northern 
rart of the Lenjan plain, where market gardening was particularly 
intensive, and 23.3 tonnes in the southern part (90). 
In 1966, average yields calculated for small pea and chickl ing 
.etch crops grown in the northern part of the 
tonnes/ha and 0.37 tonnes/ha, respectively (91 ). In 
area were 0. 9 
1977, tomato 
growing was widespread, particularly in the northern part of the 
plain, around the villages of Ardol and Majiabad to the west of the 
Zayandeh Rud, and around Sahlavan and Satiabad to the east of the 
river. Tomatoes require much watering both during and ~ter 
germination so that the plants develop extensive fibrous root 
systems, and the fruits swell. These are the critical irrigation 
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water response systems of the crop (92). The crop was responding to 
fertiliser treatment, and the yields, already high in the climate and 
soils of that part of the Lenjan plain, were being further improved 
by the technique of supporting the plants on wires. The average 
yields in the Fsfahan region, 20 tonnes/ha in 1972, were some of the 
highest in Iran (93). The probability of virus disease, which can 
seriously damage the crop, was increased by the proximity of 
sugar-beet crops acting as alternative hosts. Figure 6.38 shows 
that the south-eastern areas of the Lenjan plain and the northern 
parts of the Mahyar plain, although important for cucurbi t 
vegetables, had little non-cucurbit production in 1974. A total area 
of only 4ha belonged to the 32 data points in the Mahyar plain in 
1974. 
~-2-1044 Najafabad And Falvardjan Plains 
Figure 6.38 suggests that at several data points in the Morghab 
valley to the west of Najafabad, were small areas of non-cucurbi t 
vegetable crop3. According to the 1966 maps and average yield 
statistics, these were producing 31.5 tonnes/ha of onion, 24.0 
tonnes/ha of potato, 1.0tonne/ha of chickling vetch and 1.3 
tonnes/ha of pea (94). A map shows the data points at which kidney 
bean was grown in that area in 1966. These were situated within 
areas of fertile soil, served by qanats and wells. Figure 6.38 
shows that such cultivation was limited in the eastern part of the 
plain although hectarages were high in the southern, well-watered 
area adjoining the Lenjan plain. Figure 6.38 shows that in 1974, 
non-cucurbit cultivation was extremely important in the areas within 
and bordering the madi-irrigated zone of the Falvardjan plain. 
Throughout the region, were small plots of potato, pea, chickling 
vetch and tomato but onion was less important than in the Lenjan 
,~lain. In 1966, the average yield of potato was 18.4 tonnes/ha, 
pea, 1.0 tonnes/ha, and chickling vetch, 0.9 tonnes/ha (95). 
Potato cultivation was more important in the southern part than in 
the northern part where tobacco crops accentuated nematode attack. 
Egg-plant, a native of tropical Asia, was grown by many farmers in 
the Falvardjan plain. Since it is frost-sensitive (96), it was 
planted in late spring or early summer and from 100 to 200 days 
afterwards, the fruit was ready for picking. Egg-plant is a gross 
feeder and it thrived in the fertile soils of the Falvardjan plain. 
It was often grown in rotation with irrigated wheat and barley and, 
to a lesser extent, with rice and cucurbit vegetables. Rotation with 
other vegetables such as tomato and potato could cause disease and 
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produce low yields. The average yield was of the order of 20 
tonnes/ha. In 1974, non-cucurbit vegetables were grown around 26 of 
the 41 study data points in the Falvardjan plain and Table 6.21 
shows that the mean cropping area was 6.8ha. 
6. 5. 1045 Esfahan Plain 
----
The Esfahan plain was less densely populated and the cultivated areas 
surrounding its villages were generally larger than those of the 
plains of Falvardjan, Lenjan and Ochian to the south-west. In 1977, 
the southern part of the Esfahan plain, to the west of Fsfahan, was 
being madi-irrigated. The rest depended on numerous semi-deep and 
deep wells and, in some areas, ground water tables had receded 
through over-pumping. Cultivation of cucurbit vegetables there was 
generally more important than non-cucurbit vegetables. In 1974, 
non-cucurbi t vegetables were being grown at 43 of the plain's 84 data 
points compared with melon, water melon and cucumber at 51. Tables 
6.20 and 6.21 show that in 1974 too, 863ha of cucurbit vegetables 
and 28'Jha of non-cucurbit vegetables were grown around these points. 
Figures 6.35 and 6.38 show similar cultivation patterns for these 
two types of vegetable crop in 197 4. In 1977, small plots of tomato, 
onion and egg-plant were noted in the southern, madi-irrigated part 
of the region, west of Esfahan. Maps illustrating the distribution 
of villages concerned with particular crops in 1966, indicate the 
predominance of onion and potato as non-cucurbit vegetable crops in 
the northern parts of the region. Moreover, 1966 evaluations of the 
average yield of onion in the Esfahan region were 27.7 tonnes/ha and 
of potato, 15.0 tonnes/ha ( 97) • 
.§. • .2.. 1046 Kararedj Plain 
The madi-irrigated zone of the Kararedj plain that extended eastwards 
from Esfahan, between the Shah Kuh and Gavart mountains was 
well-watered and intensively cultivated. The cultivation of 
non-cucurbit vegetables was comparable to that of the cucurbit 
vegetables melon, water melon and cucumber. The zone was generally 
fertile and onion, potato, tomato, pea, egg-plant and chickling vetch 
were grown in rotation with such crops as irrigated wheat, barley, 
rice, alfalfa and sugar-beet. Adequate irrigation water was 
available and the cool spring temperatures favoured high yields. 
Onion was particularly high yielding and in 1966, an average of 42.0 
tonnes/ha, recorded in the northern part of that zone, was the 
highest in the Esfahan region. The average yields for potato of 25.7 
tonnes/ha were also the highest recorded in the region (98). Figure 
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6.38 shows many grid square areas beyond that madi-irrigated area 
with non-cucurbit vegetable cultivation in 1974. Fieldwork in 1977 
suggested that these areas, dependent mainly on pumped water, were 
less well-watered and less fertile than the madi-zone and 
productivity was consequently lower. In 1974, non-cucurbit 
vegetables were being grown at 39 of the 68 study data points, the 
mean cultivation area being 3.3ha. 
6.5.1047 Baraan And Rudasht Plains 
----
The Baraan plain was an important area of large-scale and mechanised 
cereal and sugar-beet production. The farmers depended mainly on 
pumped water and the soils were generally less fertile and much 
saltier than those of the plains further east. Despite these 
environmental deficiencies, the Baraan plain had a reputation for 
non-cucurbit vegetables. The soils were enriched with fertiliser and 
manure. Most of the peasant land holdings, which were less than 2ha 
in size, were devoted to widespread and intensive non-cucurbit 
vegetable cultivation. Figure 6.38 shows that almost all of the 
grid square areas of the Baraan plain contained non-cucurbit 
vegetable cultivation. One grid square, situated to the south of the 
Zayandeh Rud on the border of the plain, had the highest hectarage of 
non-cucurbit vegetable cropping. The farmers of Ruran cultivated a 
total of 98ha of non-cucurbit vegetables. Tomato was widely grown in 
the Baraan plain. It has moderate tolerance to salinity, grows well 
in soils of pH 5 to 7 (99) and responds to fertilisers. It thrived 
in the light, alluvial soils of the plain. A preponderance of 
beehives was observed in the Baraan plain in 1977. Bees and other 
insects are useful pollinators of tomato and sunflowers. Patches of 
pea and egg-plant were also grown in that area. The total areas of 
cucurbit vegetable and non-cucurbi t vegetable crops around the 55 
study data points of the Baraan plain in 1974 were very similar, 
viz., 498ha and 502ha, respectively, and that district was in fact 
the most important for these crops. In 1966, the average yields of 
onion, potato and pea were 35.4, 19.8 and 1.6 tonnes/ha, 
respectively ( 100). The Rudasht plain was the least important area 
of the Esfahan region for the cultivation of non-cucurbit vegetable 
crops; Figure 6.38 shows that all grid square areas containing such 
cultivation had only between 1ha and 20ha. In 1974, at 40 of the 103 
study data points in the Rudasht plain, a total area of 89ha was used 
for non-cucurbi t vegetables. In 1977, small hectarages of tomato and 
potato were noted. 
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~·2·ll Patterns of Orchard Fruit Cropping 
6.5.111 Climatic Conditions And Total Production 
---
The wide range of orchard fruits grown in the Esfahan region included 
apricot, peach, nectarine, plum, persimmon, cherry, apple, pear, 
pomegranate and quince. The continental climate of the Fsfahan 
region, with its relatively cold winter, short spring and extended 
summer, provided ideal conditions for deciduous fruit production. 
According to the Ministry of Agriculture, "the short, cold winter 
provides the 'cold unit' stimulus for 'leafing out' in the spring, 
the spring rains provide some of the early season water requirements 
and keep humidities at an equable level for pollinatiion, while the 
dry, late spring and hot summer tend to reduce the incidence of 
certain diseases and physiological disorders" (101 ). 
In 1 9'72, the 46, CX)() tonnes of orchard fruit produced in the 
Esfahan region constituted 4.3% of national production and 48% of 
local demand. The average yield was approximately 5.9 tonnes/ha 
(102). The Ministry of Agriculture stated that this reflected a low 
level of specialisation and that yields could be raised to 9 
tonnes/ha ( 103). An Esfahan factory producing fruit conserves had a 
capacity of 9,CX)() tonnes/yr but in FJT7, it was suffering from supply 
shortages ( 1 04). The Sogreah Consulting Engineers found that most of 
the orchards contained trees of all ~s and ages and proposed that 
between 1977 and 1987, approximately 50% of the orchard area should 
be replaced and replanted, and 2,330ha of new orchard should be 
established in the intensively cultivated western part of the region 
( 105). The marketing of orchard fruit was to be enhanced in the ways 
proposed for vegetables. The Sogreah consultants stated that the 
pilot stations established for assisting in the improvement of 
vegetable production should also include nursery areas for orchard 
trees (106). It was forecast that by 1987, orchards could occupy 12% 
of the agricultural area of the region and that production could be 
88,CX)() tonnes/yr ( 1 07). 
6.5.112 Data Sources 
-----
Information on village fruit cropping is included in the 19'74 
Agricultural Survey data set, but only in a general category "Orchard 
Fruits", and is illustrated in Figure 6.39. To facilitiate the 
interpretation of Figure 6.39, dichotomous data included in the 1966 
Village Gazetteer were transcribed into cartographic form and Figures 
6.40 to 6.47 show the spatial patterns of villages growing each of 
these crops. 
Table 6.22 HE:Ct:arages Of Orchard Fruit Trees 
Plain Year Nunl:er. Of Max~un Data R:nnts V. LE ~ ~~ 
CX:hian 1974 220 20 1.0 217 
IB1jan 1974 131 60 3.1 407 
Falvardjan 1974 41 97 8.4 343 
Najafab:ld 1974 39 533 19.5 760 
ESfahan 1974 84 30 1.5 129 
Kararedj 1974 68 31 1.9 130 
Baraan 1974 55 12 2.1 113 
RLrlasht 1974 103 5 0.4 45 
741 533 2.9 2144 
Table 6.23 Hectarages Of Vineyards 
Plain Year ~r.Of ~aPut.rn ~ ~ Da Fbmts LE 
Q:::hian 1974 220 20 1.0 219 
Ia1jan 1974 131 14 0.7 93 
Falvardjan 1974 41 25 2.5 101 
Najafahad 1974 39 100 5.0 195 
Fsfahan 1974 84 50 1.2 99 
Kararedj 1974 68 2 0.1 8 
Baraan 1974 55 4 0.3 15 
RLrlasht 1974 103 10 0.2 17 
741 100 1.0 747 
Table 6.24 Hectarages Of AJ.rrond Trees 
Plain Year ~r.Of ~un ~ue ~ Fbmts V. ue 
CX:hian 1974 220 10 0.3 66 
I.enjan 1974 131 60 0.6 75 
Falvardjan 1974 41 500 12.5 513 
Najafared 1974 39 100 11.7 456 
. ESfahan 1974 84 10 0.2 15 
Kararedj 1974 68 1 * 1 
Baraan 1974 55 1 * 2 
Ru::lasht 1974 103 15 0.2 21 
741 500 1.6 1149 
*Mean value rot in: icated e to la-~ ~valLE. 
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f·2·113 Ochian and Lenjan Regions 
In 197 4, deciduous fruit trees were grown around 72 of the 220 study 
data points in the Ochian region and Table 6.22 shows that the total 
area was 217ha. These data points were situated mainly in the 
western, south-western, and south-eastern parts of the region. 
Figures 6.40 to 6.47 show that in 1966, apricot, apple and quince 
orchards were being cultivated in the western part at several data 
points but pear and pomegranate at only a few. In 1966, fruit 
production was less important to the south-west and south-east of the 
Ochian region; the main fruit crops were apple and apricot. Figure 
6. 39 shows that the Lenj an plain had extensive orchards. Figure 
6.40 shows that in 1966, there were apricot orchards at several data 
yOints in the central area. Figurer 6.41 indicates the general 
importance of apple growing. Figure 6.42, which represents the data 
points at which quince was grown in 1966, shows the particular 
significance of this fruit. In 1974, a total of 407ha was devoted to 
orchard cropping around 65 study data points in the Lenjan plain. 
Figure 6.39 and Figures 6.40 to 6.47 show the importance of fruit 
, growing in the northern part of the Mahyar plain in 1966 and 1 97 4. 
Apple, apricot, quince and pomegranate were grown around such 
villages as Ghazanfariyeh-ye-Olya, Mosujo Avanes, Ghazanfariyeh and 
Golnarabad . 
f·2·114 Falvardjan, Najafabad, Esfahan And Kararedj Plains 
In 1977, the Falvardjan plain had extensive orchards, many of which 
needed renewing. Figure 6.39 shows that in 1974, most of the grid 
square areas in the Esfahan region, containing such cropping, had 
less than 20ha. Two grid square areas, however, to the north of 
Qadherijan in the Falvardjan plain, each contained more than 100ha of 
orchard cropping in 1974. The grid area immediately to the north of 
Qadherijan contained the village of Khorramavad which had 533ha of 
orchards in 1974. The grid square to the north-east of Qadherijan 
included the villages of Zazeran, Karkhaneh-ye-Laftun, Feyzabad and 
Enamzadeh Zarcheh, at which there were between 80ha and 1 OOha of 
orchards in 1974. The single village of Karkhaneh-ye-Siman, in the 
other grid area, had a hectarage of fruit cropping similar to that on 
the eastern border of the plain. According to Figures 6.40, 6.41 
and 6.42, apricot, apple and quince were the main orchard trees of 
the Falvardjan plain in 1966. Figures 6.43 and 6.44 show that 
fewer data points had pear and cherry orchards and according to 
Figure 6.47, there was only one data point with a black cherry 
orchard in 1 966 • 
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Although Figure 6.38 shows that orchards existed at several 
~ata points to the west of Najafabad in 1974 and Figures 6.40, 6.41 
and 6.43 and 6.46 show that in 1966, apricot, apple, pear and 
pomegranate were grown, these maps give no indication of the orchard 
husbandry in the eastern areas of the Najafabad plain adjoining those 
of the Fal vard jan and the Fsfahan plains. In 1977, there was an 
almost continuous belt of orchard trees between Najafabad and 
Esfahan. Moreover, the figures illustrating orchard cropping do not 
accurately depict the importance of this form of agriculture in the 
south-western part of the F.sfahan plain, the area between 
Homayounshahr and Esfahan [ *] . In 1 977, orchard cropping was less 
important in the other areas of the Esfahan plain and it seems 
apparent from comparisons of Figure 6.39 with Figures 6.40 to 6.47, 
that between 1966 and 1974, orchard cropping was discontinued at 
several data points on the northern and north-eastern boundaries of 
that area. Figure 6.39 shows that in 1974, the orchards of the 
northern part of the Fsfahan plain were mainly situated in its 
eastern and central areas. Comparison of Figure 6.39 with Figures 
6.40 to 6.47 indicates that fruit growing decreased in the 
contiguous areas of the northern and north-eastern parts of the 
Kararedj plain between 1966 and 1974. By 1974, the main orchards 
were concentrated in the madi-zone of the plain between the Gavart 
and Shah Kuh mountains. In 1966, quince was grown at many data 
points in that zone. Apricot, peach, apple, cher~ and black cherry 
were also cropped. In the small agricultural area within the Shah 
Kuh mountains, to the west of the Kararedj plain, there were apple, 
pomegranate and quince orchards in 1966 • 
..§. • .2.. 115 Baraan And Rudasht Plains 
Figure 6.39 shows that in 1974, fruit trees were grown extensively 
in the Baraan plain but not intensively, since the total area of 
orchards at 33 of the 55 study data points was only 113ha. In 1966, 
apricot, peach, apple, pear and pomegranate trees were grown at few 
data points, black cherry trees were grown at two data points and 
persimmon trees at one village, Ozvar, situated to the south of the 
Zayandeh Rud in the centre of the plain. In 1974, the total orchard 
area, associated with 23 of the 103 data points of the Rudasht plain 
was 45ha. In 1966, pomegranates were grown around the villages of 
Kebrit, Sharifabad and Eaquerabad to the north of the Rudasht plain, 
and around the villages of Mahammadabad , Nasrabad , Ganj abad , 
[*] The orchards of the south-western_part of the Fsfahan plain are 
evaluated~ in terms of the hectar§ges o~fruit trees around certain 
individu~ settlements, on page 195 of Chapter Seven. 
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Lajanabad and Qarneh to the south-west . 
.§_ • .2_.J1_ Patterns of Viticulture 
Figure 6.48 illustrates the spatial patterns of grape cultivation in 
the Esfahan region in 1974. Most grid square areas containing 
• ineyards had only small hectarages and the crop was more important 
to the west of the city than to the east. Grapes were cultivated at 
143 of the 741 study data points and of these, 121 were situated in 
the western part of the region. Moreover, of the total 747ha of 
vineyards associated with these 143 data points (see Table 6.23), 
only 40ha existed in the Kararedj, Baraan and Rudasht plains. As the 
high summer temperatures and poorly drained soils of the Baraan and 
Rudasht plains were unsuitable for viticulture, no tradition for it 
had evolved. Grapes need deep, well-drained soils so that 
mad i-irrigated areas of the Fsfahan region, such as the Ochian, 
I.enjan and Kararedj plains where water tables were generally high, 
the soils were moist and occasional floooing occurred, were quite 
inappropriate. Figure 6.48 reveals that few data point areas had 
more than 31 ha of grape cultivation in 1974 and most had between 1 
and 10ha. 
In 1974, grapes were cultivated at 60 study data points in the 
Ochian region and according to Figure 6.48, these were mainly 
situated in the western and eastern parts of the region to the south 
of the Zayandeh Rud. These data points were generally located on the 
well-drained, deep alluvial soils covering the gently sloping gravel 
fans that lead down from the Osin mountains to the Zayandeh Rud. 
Figure 6.48 and the relevant values of Table 6.23 indicate that the 
areas of vineyards at these data points were generally small. 
In 1 gn, in the I.enjan region, grape growing was localised, the 
most important area being that of the south-eastern part of the 
I.enjan plain and the northern part of the Mahyar plain. The soils of 
that small area were generally arid and better drained than those of 
the madi-irriga.ted zone of the I.enjan region. Since grapes were 
tolerant of the moderate concentration of salts (108), these soils 
had proved satisfactory. Table 6. 23 shows that in 1 g(' 4, 93ha of 
grape growing were associated with the study data points in that 
area. 
Areas of grape growing in the Na.j afabad and Fal vardj an plains 
were scattered in 1977. Small vineyards were sited at data points in 
the Morghab valley to the west of Najafabad. Figure 6.48 shows that 
one grid square area, which contained 
Esfidyan, had more than 75ha of vineyards 
the villages of Arran and 
in 1 g('4. The deep and 
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gravelly loams of that area and of the area of the plain to the east 
and south of Najafabad were well suited to grape cultivation. 
~·2·11 Patterns of Pistachio and Almond Cultivation 
Almond and pistachio trees are indigenous to Iran (109) and were 
grown in the Esfahan region. Although they are suited to a wide 
range of environmental conditions, the parameters for their 
commercial productivi~ are limited (110). Pistachio prefers an 
annual rainfall of approximately 350mm, withstands temperatures of -7 
deg. to 42 deg. C., survives a wide range of soils and is 
unaffected by their pH value ( 111 ) • Figure 6. 4 9 shows that 
pistachio was grown in the western areas of the Ochian and Najafabad 
plains, where annual precipitation was greater than in areas further 
east. In 1974, the total area of pistachio trees associated with the 
15 data points in these western areas was only 73ha. Yields were 
believed to be generally less than 1tonne/ha. 
I 
Almond was far more important than pistachio and Table 6.24 
shows that in 1974, approximately 1, 150ha were grown. Although 
drought tolerant, an almond tree requires at least 400mm/yr of water 
(112). Rainfall and, to a lesser extent, irrigation supplied that 
need in the western areas of the Ochian region, the Morghab valley to 
the west of Najafabad and the Falvardjan plain. Figure 6.50 
illustrates the pattern of almond cropping in 1974. There were 66ha 
of almond trees surrounding 29 data points in the Ochian region and 
75ha surrounding 6 study data points in the Lenjan region. Figure 
6.50 shows one grid square area to the north-east of Qadherijan in 
the Fal vardj an plain which had more than 1 OOha of almond trees in 
1974. In fact, that grid square area contained the village of 
Bagh-e-Abrisham which had 500ha of almond trees. The other grid 
square areas situated in that plain had only 13ha. In 1974, almond 
trees were cultivated at 26 of the 39 data points in the Najafabad 
plain and the total area was 456ha. A grid square area immediately 
to the south of Najafabad contained the village of Jalalabad which 
had 100ha of almond trees in 1974. Figure 6.50 shows that in the 
plains of Esfahan, Kararedj, Baraan and Rudasht, areas of cultivated 
almond trees were limited. The Sogreah Consulting Engineers proposed 
the planting of 900ha of almond and pistachio trees in the saline 
areas of the Esfahan region (113). 
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~·2·1± Patterns of Woodland 
Despite the emphasis on cropping, areas of woodland in the Fsfahan 
region were still extensive. The Rudasht plain, however, had a 
strikingly treeless landscape. Figure 6.51 shows that the 
predominantly madi-irrigated areas of Ochian, Lenjan, Falvardjan and 
Kararedj were heavily wooded. In the eastern area of the Earaan 
plain there were also many trees. Figure 6.51 also indicates that 
at several data points, situated to the west of Naj afabad, in the 
northern parts of the Esfahan plain and on the border between the 
Najafabad and Falvardjan plains, there were large areas of woodland. 
Several grid square areas contained data points in 1966 having more 
than 1 OOha of woodland. There were 200ha of trees at Maj iabad and 
168 at Malekabad in the Morghab valley to the west of Najafabad. In 
the area between Qadherijan and Homayounshahr, there were 870ha of 
woodland at Qal' eh-ye-Shah, 250 at Qal' eh-ye-Sefid and 400 at 
Ashgarabad. There were 112ha of trees at Eagh-e-Vohush, on the 
border between Lenjan and Falvardjan plains, and 300ha at Bahramabad, 
immediately to the north-west of Esfahan, and at Rashidabad, in the 
northern part of the Esfahan plain. 
Woodlands are valuable to agriculture since they prevent dust 
storms and land erosion, provide shade, act as wind-breaks and tend 
to moderate extreme atmospheric conditions. The Sogreah Consulting 
Engineers proposed that 980ha of poplars should be planted throughout 
the Esfahan region (114). 
6.6 LIVESTOCK PATTERNS 
6.6.1 Meat Production 
Livestock husbandry was an important sector of the agricultural 
economy of the Esfahan region and most of the animals bred in the 
area went for slaughter. General statistics on carcass production 
were only available at the Ostan level. In 1972, mutton and lamb 
accounted for 74.9% of the total value of production, beef, 14.8% 
and goat-meat, 10.3% ( 115). Slaughter-houses were plentiful 
throughout the region but only those with capacities of more than 600 
tonnes/yr were situated in Fsfahan, Homayounshahr and Najafabad. The 
Esfahan slaughter-house was the largest and in 1972, it handled 
11 ,000 tonnes of carcases. The capacities of the Homayounshahr and 
Najafabad slaughter-houses were 650 tonnes and 700 tonnes, 
respectively, at that time (116). All three were working at full 
capacity. In 1972, the total production of red meat amounted to 
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10,650 tonnes, comprising 6% of national production and 30j, of local 
demand (117). To increase the supply of red meat, a new 
slaughter-house was essential. 
~-~·~ Patterns Of Cattle Rearing 
6.6.21 Herds In 1966 And 1974 
--- -------
Both the 1966 and 1974 Agricultural Survey data sets include details 
of the numbers of cows, but not specifically of bulls, at each data 
point. Table 6.25 shows that there were 24,776 caws in 1966 and 
62,863 cows in 1974 associated with the 741 study data points in the 
Esfahan region. A Spearman rank-order correlation coefficient (RHO) 
of 0.7551 was calculated to describe the degree of association 
between the two data sets. The value of the correlation coefficient 
may have arisen from the increases in the respective herds between 
1966 and 1974, proportionate to the original numbers in 1966. The 
scatter of points on Figures 6.52(a) and (b) indicate the increase of 
cows in the Esfahan region between 1966 and 1974. They suggest that 
only a few village herds decreased in size between 1966 and 1974 [*]. 
The points tend to be distributed in bands, indicating the inherent 
approximation of enumerating these livestock. 
The general and detailed histograms of Figure 6.53 indicate the 
increase in numbers of cows in the Fsfahan region between 1966 and 
1974. The general histograms show that most of the large herds were 
situated in the western part of the region in 1966 and 1974. The 
detailed histograms show that in the western part, herds of less than 
201 animals predominated in both 1966 and 1974 and most herds 
consisted of between 2 and 40 cows. These diagrams also indicate the 
sratial ratterns of cows per data point in 1966 and 1974, 
respectively. 
~-~-22 Ochian And Lenjan Regions 
Reference to Table 6.25 shows that the number of cattle associated 
with the 220 study data points of the Ochian region almost quadrupled 
between 1966 and 1974. The number of data points at which there were 
herds also increased from 169 to 172. Figure 6.55 shows that in 
1974, most of the grid square areas containing cattle had less than 
100. The most important areas for that particular type of husbandry 
were the central and eastern areas of the Zayandeh Rud valley and the 
south-eastern alluvial extensions of the region 
r *] The :EBfanak Mro-business unit, situated to the _west of the Z~deh Rud in tne Kararedj plain, had 1 ,460 cows in 1 '::lb6 and 244 in 
1 4. The husbandr,y of sheep and goats was expanded from 1 ,400 in 
1 6 to 2,270 in 1~(4. 
Table 6. 25 Numbers Of Cows 
+===========+========+=========+=========+========+========+ 
1 Area 1 Year Number Of Maximll!l 1 Mean 1 Total 1 
1 · 1 Data Points Value 1 Value 1 Value 1 
+=========================================~================+ 1 Esfahan I 1974 l 741 I 4000 I 84.8 l 62863 l 
! Region i1'966- : 741-[146ol33~4--l24776l· 
+----------------------------------------------------------+ 
1
----ochian-:--1974--:---226---:--4666---:--92:3--:--26369-: 
1 Plain +----+-------1 --------+------ 1 --~ 
1 : 1966 : 220 : 500 : 24.7 : 5428 1 
-+---- I --+----+---- - I • -- --1 ---+ 
1 Lenjan I 1974 I 131 I 2000 I 117.4 l 15383 I 
1 Plain +---- 1 - ----+---- 1 -----+ 
I : 1966 : 131 : 1000 : 66.3 : 8688: 
+ --------+----+-------+----+---- I ---+ jFalvardjan I 1974 I 41 I 2500 : 159.2 I 6529 I 
1 Plain +-- -1 ----+--------+-- -----+-------+ 1 l 1966 I 41 : 760 : 59.6 I 2444 : 
+---- I t- ---+-------1 -- ---1 -------+ 
1 Najafabad I 1974 I 39 I 1600 l 87.0 l 3394 l 
1 Plain 1 -- --+-- 1 ---- 1 -- ----+------+ 
1 : 1966 I 39 : 1 00 : 13 • 6 : 529 : 
+- --1 - --+--- I --+ 
1 Esfahan I 1974 I 84 l 900 I 51.6 : 4333 : 
1 Plain + ----+----+-----+----+ 
I : 1966 : 84 I 400 I 17. 6 I 1477 I 
+-----+-----+---+------+---- • I -----+ l Kararedj I 1974 I 68 I 1000 I 58.7 I 3989 : 
1 Plain +----+------r---+-----r------- 1 
I : 1966 : 68 1 1460 : 45.0 1 3059 : 
+------ - I -- I -----+--- I-------+------+ i ~i~rg i ~~~--~~---l--~oo ---L~~-L--~~~~1 
I I 1966 : 55 : 120 : 28 o 3 : 1559 : 
I ---+----- I -- I --- + l Rudasht I 1974 I 103 l 2000 I 43.3 I 4458 I 
1 Plain+---- •---------t--------• ---+------+ 
1 : 1966 : 1 03 1 150 : 15 • 5 : 1592 : 
+----- 1- ·- -- I ----+-----+- •1··----+ 
Fig~ 6.52 (a) 
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[*]. Each of the grid square areas in the south-eastern part of the 
region had less than 500 cows. It seems, by comparing Figures 6.54 
and 6.55, that there was little change in the overall pattern of 
significant square areas between 1966 and 1974. The areas of 
importance in 1974 seemed to be those with the largest increases in 
size. In 1974, the data point having the most cattle, namely 4,000, 
was Dizi, a settlement situated to the north-east of Mobarakeh. 
Figures 6.54 and 6.55 show that in both 1966 and 1974, the Lenjan 
plain was the most important cattle area in the Esfaban region and 
comparison shows that the patterns were very similar. Reference to 
Table 6.25, however, reveals that the number of cows associated with 
these data points increased markedly between 1966 and 1974. The 
number of villages with cattle declined from 80 to 67. Figure 6.55 
shows that none of the small herds kept at several data points in the 
northern part of the Mabyar plain in 1966, were still there in 1974. 
[**]. 
~.~.23 Najafabad Plain 
Cattle were reared at 20 study data points in the Najafabad plain in 
1966 and 1974 but these increased dramatically from 529 in 1966 to 
3,394 in 1974. The interpretation was similar to that of other 
regions discussed: the overall pattern of the Najafabad region did 
not change significantly from 1966 to 1974 but the grid square areas 
of the 1974 patterns generally indicate greater numbers of cattle. 
At several data points, situated to the west of Najafabad, small 
herds were reared in 1974, although one area, containing the village 
of Varposht, had more than 250 cows. Figures 6.54 and 6.55 show 
that in 1966 and 1 97 4, southern grid square areas of the Naj afabad 
plain contained numerous cattle. This southern area was strongly 
associated with the madi-irrigated area of the northern part of the 
Lenjan plain. Only in that area, were there grid square areas with 
more than 1 ,250 cows. 
~.~.24 Falvardjan And Esfaban Plains 
In both 1966 and 1974, the greatest densities of cattle were in the 
madi-irrigated zone of the Esfahan region. Figure 6.55 shows that 
in 1974, there were several grid square areas in the madi-irrigated 
[*] A map with wider class intervals showed that two of the grid 
sggare areas to the north of Mobaraken had more than 1 , 250 cow8 in 
1~r4 and that two of the grid square areas in the central part of the 
p1v1r valley had similar numbers of cattle. 
L ** :ey means of a map with wide class intervals, it was found that 
1n 966, none of the gr1d squar~ areas of the Lenjan region had more 
than 1 250 cattle, wfiereas in 1974 4 grid sqqare areas, situated on 
the wes~ern borders of the region, had nerds of that size. In 1974, 
Oshtorjan, situated in the western part of the region, had~the 
largest v1llage herd of 2,000 cows. 
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zone of the Falvardjan plain containing more than 250 cattle in 1974. 
One of these areas, situated immediately to the south-west of Dorcheh 
Piaz was found to have more than 1,250 cattle and another contained 
the settlement of Dinan where there were approximately 2,500 cattle 
in 1974. Figures 6.54 and 6.55 show that patterns of grid square 
areas containing cows were similar but that the number of cows 
increased be tween 1 966 and 1 97 4. Table 6. 25 data substantiate the 
latter conclusion. Figures 6.54 and 6.55 show that the density of 
cows in the Esfahan plain was lower than in the Lenjan, Falvardjan, 
and Ochian plains. Figure 6.54 shows that in 1966, small herds of 
cattle were associated with several data points in the small 
,=adi-irrigated zone to the west of Esfahan, in the southern part of 
the region. None of the grid square areas contained more than 100 
cows. Similar or smaller numbers of cows were represented by other 
grid square areas situated in the north-eastern and northern parts of 
the region. Figure 6. 55 shows a similar pattern but in 1974, 
several grid square areas contained more than 250 cows. The values 
of Table 6.25 show an almost trebling of numbers of cows at data 
points on that plain between 1966 and 1974. The number of data 
points at which cattle were reared increased from 33 in 1966 to 36 in 
1974. 
~.~.25 Kararedj Plain 
The patterns and densities of cows per data point in the Kararedj 
plain remained approximately the same between 1966 and 1974. Figures 
6.54 and 6.55 show that although the Kararedj plain was generally 
important for cattle breeding, it was less important than the 
madi-irrigated plains further upstream. 
Most of the cows bred in the Fsfahan region were intended for 
slaughter but a growing local demand for milk had motivated the 
establishment of sophisticated dairies. In 1977, an Israeli expert 
was supervising the construction and operation of a new dairy 
situated in the reclaimed area of the Margh depression. Milking 
equipment and 1,200 Holstein cows had been purchased in the United 
States and Israel and the Ministry of Agriculture had paid to 
air-freight them to Esfahan. Fach cow had, on average, cost US$500 
to buy and US$900 to transport. Two milking parlours were being used 
and the cows were being milked twice a day. Three daily sessions 
were planned. Two hundred of the cows were pregnant and it was hoped 
that the purchase of another 1 ,300 animals and future natural 
increases could eventually lead to a herd of 5,000 head. The 
recruitment of suitable workers to manage such a large herd was 
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proving difficult. A trained stock-breeder was required and a 
full-time veterinary surgeon was needed to control disease and care 
for young calves. Despite training programmes, few of the local men 
employed in the milking parlours understood the principles underlying 
the OJBration of the sophisticated machinery or the essence of the 
hygiene standards required. Outbreaks of mammary disease had 
occurred. Large pay demands by the more proficient employees had 
resulted in their dismissal. In 1977, most of the dairy workers were 
Afghani immigrants. There were no marketing problems and the direct 
sale of all the milk yielded maximum profits. There were plans to 
process any surplus milk into the less profitable yogurt, cheese and 
other products when more dairies were built. In 1977, alfalfa and 
barley were being grown specifically for fodder on newly reclaimed 
land around the dairy. The calculated feeding of the cows with these 
high-protein crops, supplemented by pulp from one of the local 
sugar-refineries, ensured maximum milk production. Although fodder 
cropping was being extended, it was realised that it would be 
necessary to make local purchases of feed when the herd was enlarged 
to 5, 000 animals. 
6.6.26 Baraan And Rudasht Plains 
Figure 6.54 shows that in 1966, many grid square areas covering the 
Baraan plain contained less than 10 cows. By canparison, Figure 6.55 
shows a marked development in cattle rearing by 1974: six grid square 
areas had more than 250 cows by then and several other grid square 
. areas contained cattle too. In 1974, the largest herd of 400 cows 
was, however, considerably smaller than the largest herds in other 
areas. The values of Table 6.25 show a significant increase in the 
number of cows between 1966 and 1974. The mean number of cows per 
village was approximately 20 in 1966 and 80 in 1974. The general 
engagement in cattle husbandry was underlined by the records of only 
6 data points without cattle in 1966 and 4 in 1974. 
, Figures 6.54 and 6.55 show similar patterns of cattle breeding 
in the Rudasht plain in 1966 and 1974. The dramatic increase in 
number of cows there between 1966 and 1974, indicated by the data of 
Table 6. 25 but not confirmed by the maps, was explained by the 
introduction in 1974 of a herd of 2,000 cows into the village of 
Peykan, to the south of the region, where none existed in 1966. 
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~-~·L Patterns of Sheep and Goats 
~-~-~ General Aspects 
In the 1966 Village Gazetteer, information concerning the numbers of 
sheep and goats at the 741 data points was included in one category 
whereas in the 1974 Agricultural Survey, the numbers of sheep and 
goats were given separately. Figure 6.56 illustrates the 
distribution of sheep and goats in 1966 and Figures 6.58 and 6.59 
show the patterns of sheep and goats, respectively. To provide a map 
comparable with Figure 6. 56, Figure 6. 57 was produced after the two 
separate 1974 data sets had been canbined. 
Sheep and goats were the most numerous 1 ivestock in the Esfahan 
region in 1966 and 1974 and their numbers increased considerably 
between those two years. In 1966, there were 238,609 and in 1974, 
there were 462,968 comprising 279,036 sheep and 183,932 goats. In 
1974, the largest total number of sheep and goats associated with one 
of the 741 data points was 100,000 but the general histogram of 
Figure 6.60 shows that the majority of the data points had less than 
2,000 of these animals in 1966 and 1974. The detailed histogram of 
Figure 6.61, with class intervals of 50, displays the increase of 
sheep and goats at the 741 data points and shows that the most 
numerous flocks of sheep and herds of goats at the data points 
totalled less than 51 • 
Both sheep and goats were bred for meat production and could be 
grazed satisfactorily on the fallow land and limited areas of 
pasture. Sheep were not generally bred for purposes of wool 
production and goats were grazed on more rugged areas. Milk from 
goats was used widely in the manufacture of "panir", a soft white 
cheese. 
~-~-32 Plains West Of Esfahan 
Figures 6.56 and 6.57 show that in 1966 and 1974, the main areas of 
sheep and goats in the Ochian region bordered the Zagros range to the 
west and the Os in mountains to the south. Both maps show that in 
1966 and 1974, the total numbers of sheep and goats associated with 
the Ochian grid square areas contained less than 8000 animals. The 
~ajority contained less than 400 sheep and goats. Reference to Table 
6.26 shows that the number of these animals increased from 41,413 in 
1966 to 61,763 in 1974. Tables 6.27 and 6.28 indicate that in 
1974, there were 37,609 sheep and 24,154 goats. The number of data 
points associated with this 1 ivestock husbandry also increased, from 
106 in 1966 to 116 in 1974. 
Table 6.26 Sheep and Goats 
+===========+========+=========+=========+========+=======+ 
! Area i Year D~~~ig{s ~~~~ i ~f~e i ~~i~~ ! 
+---------------------------------------------------------+ ~---Esrahan-:--1974--:---741---:-1666oo--T-624:a--T462968-: 
1 Region i1966 : -74;--r2aooo~i-322.'0i2386o9f 
t---------------------------------------------------------t ~----6C5ian-T--1§74--:---226---:---8666--T-286:7--T-61763-~ 
1 Plain +---co+c------+------t------+-----+ 
I : 1966 I 220 I 10000 I 188.2 : 41413 I 
t-----------+--------t--~---~-+~-----~--~----~------+ 
1 Lenjan l 1974 1 131 l 12000 l 357.7 l 46864 I 
1 Plain +--------+-~--- ~----+------+ 
I l 1966 : 131 l 1 0000 l 355 • 0 l 46545 l 
+------+-------+-------+-------+----+----+ IFalvardjan l 1974 l 4'1 l 3000 1 376.2 l 15424 l 
1 Plain +--~-+--------+------- 1 ------+---+ 
I : 1966 : 41 : 4000 I 565.1 : 23169 : 
r-------+---+-- 1 ---,----~----+ 
1 Najafabad l 1974 l 39 1 3500 1 643.8 1 25107 l 
1 Plain +------+-------+------ 1 ------+------+ 
I I 1966 I 39 : 3000 I 453.4 : 17681: 
I ---- I -----t------+--------t----- t ---+ 
1 Esfahan 1 1974 1 84 I 6000 1 425.3 1 35725 I 
1 Plain +--- 1 --+--- --+------+------+ 
I I 1966 I 84 : 3000 I 204.8 I 17199 I 
1 KararedJ ! 1974:-- 68 ! -~boo- ! 297 .1T2o2oii-i 
1 Plain -+---- 1 + --+ 
I 1966 68 I 2000 I 268.1 I 18232 I +-- ----+----+-----+ I Baraan 1974 I 55 I 4000 I 687.6 I 37817 I 
1 Plain 1-- ~o-----+-----+-----+--.,._-+ 
I I 1966 : 55 : 3000 I 356.8 I 19623 I 
+--- -+-----+------+----- --+ 
1 Rudasht 1974 I 103 I 100000 12136.5 1220064 I 
1 Plain +---+----+-----+-----+----+ 
I I 1966 : 103 I 20000 I 531.5 I 54747 : I ---I I ---+-----+ 
Table 6.27 Numbers Of Sheep 
+-----------+--------+---------+---------+--------+--------+ ~-----?iain-~--Year-- NUmber-or -M8i~um- 1 --Mean-- 1 --rotai- 1 1 1 Data Pbints Value 1 Value 1 Value 1 +-----------+--------+---------+---------+--------+--------+ ~----ochian-:--1974--~---226---:--6666---~--171:6-l--37669-: 
+-- --+-- I - .. -+-----I ---+ 
I Lenjan I 1974 1 131 I 8000 l 267.8 I 35084 I 
+- • --+---- + ------+----+-----+ IFalvardjan l 1974 I 41 2000 I 305.9 I 12542 l +- ---+-----+----- +----+-----+ I Najafabad I 1974 I 39 l 3000 l 473.5 l 18468 l 
+-- ----+-- -----+-----+-----+----+ l Esfahan I 1974 I 84 I 5000 I 345.3 I 29007 l 1------ --+------ I I ---+ I Kararedj I 1974 68 l 1600 I 223.0 l 15167 I 
+- -+--- -- ---+--- +------+ l Baraan I 1974 l 56 l 3000 l 566.2 I 31708 l 
+----- -- • I - - --+--------t-1 -·---+----+ l Rudasht l 1974 l 103 l 45000 l 965.5 l 99451 I +------+-----+---------+---------+--------+--------+ ~---741---:-45666 ___ : __ 376:6-:-279636-: 
+- -+-----+ 
Table 6.28 Numbers Of Goats 
+===========+========+=========+=========+========+========+ 
1 Plain 1 Year Number Of Maximum 1 Mean 1 Total 1 
1 1 Data Pbints Value 1 Value 1 Value 1 +-----------+--------t---------+---------+--------+--------+ ~----ocfiian-:--i974--~---226---~--2566---:-;6§:a--:--24154-: 
+------+ -----+-------·1 1------- ---+ I Lenjan : 1974 I 131 l 5000 l 89.9 l 11780 l 
+- --·-- I --+----+-----+ IFalvardjan l 1974 l 41 l 1000 l 70.3 l 2882 l 
+------ I • ---+--------+-- ---+------+ l Najafabad l 1974 l 39 l 2000 l 170.2 l 6639 l 
r-----1 -----r------t------+----r------+ 
1 Esfahan 1 1974 1 84 1 1500 l 80.0 1 6718 l 
+------+-------t--------+-------+------+-- -+ l Kararedj l 1974 1 68 l 770 l 74. 1 l 5037 l 
r------t------t-------r----, ---t----t 
I Bar a an I 197 4 I 55 1 1 000 1 111 • 1 I 61 09 1 
+-- ---+----+-------+-------+-----+----+ l Rudasht l 1974 l 103 l 55000 l 1171.0 l 120613 l 
+---------+------+=========t=========t========t========+ 
: 741 I 55000 I 248.2 1 183932 : 
+-------+---------+-------+-------+ 
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In 1977, there seemed to be only limited grazing land in the 
highlands surrounding the Lenjan plain and most of the sheep and 
goats were feeding from fallow land in the predominantly 
madi-irrigated area. Comparison of Figures 6.56 and 6.57 suggests 
that between 1966 and 1974, the numbers increased in the Lenjan plain 
and decreased in the northern area of the Mahyar plain. Table 6. 26 
shows that the numbers of sheep and goats associated with the 131 
data points in the Lenjan and Mahyar plains were 46,545 in 1966 and 
46,864 in 1974. Figures 6.58 and 6.59 show that both sheep and 
goats were reared in settlements throughout the Lenjan plain but that 
numbers were particularly large in the northern area. In 1974, 70 of 
the data points were aSsociated with sheep and 49 with goats. Tables 
6.27 and 6.28 show that sheep were roughly three times more 
numerous than goats, there being 35,084 sheep and 11,780 goats. 
The 41 data points of the Falvardjan plain to the north also had 
more sheep and goats in 1974. Tables 6.27 and 6.28 show that there 
were 12,542 sheep and 2,882 goats. Figures 6.56 and 6.57 suggest 
that there was little change in the overall pattern of ownership in 
the Falvardjan plain between 1966 and 1974. Table 6.26, however, 
shows that the Falvardjan plain was the only area of the Esfahan 
region where the numbers of sheep and goats fell between 1966 and 
1974. The reasons for this decrease are not known. Table 6.26 
shows that sheep and goats became more numerous in the Najafabad 
plain, there being 17,681 in 1966 and 25,107 in 1974. Figures 6.58 
and 6.59 show that the patterns of sheep and goat ownership were 
similar in 1966 and 1974. Tables 6.27 and 6.28 indicate that in 
1974, there were 18,468 sheep and 6,639 goats. In 1977, sheep were 
grazing large areas of fallow land to the south of Najafabad and in 
the Morghab valley. Herds of goats were seen grazing small patches 
of sparse pasture in the highland area to the north of Najafabad • 
.§. • .§.. 33 Esfahan, Karared j , Baraan And Rudash t Plains 
Despite the large areas of fallow land in the Esfahan plain, 
particularly in the northern and central parts, the area had 
surprisingly small numbers of sheep and goats. Table 6.26 indicates 
that the numbers of sheep and goats increased from 17,199 in 1966 to 
35,725 in 1974. There were sheep and goats associated with 41 of the 
84 Esfahan plain data points in 1966 and in 1974, 40 data points had 
,sheep and 35 had goats. Figures 6.56 and 6.57 indicate that the 
patterns of such 1 ivestock husbandry were very similar in 1966 and 
1974. Figures 6.61 and 6.62 show that the patterns of sheep and 
goat ownership in 1974 were also very similar. These maps show that 
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the south-western, predominantly madi-irrigated area was the part of 
the Esfahan plain with the most sheep and goats. 
In 1974, 15,167 sheep were associated with 50 of the 68 Kararedj 
data points and 5,037 goats were associated with 42 of these points. 
Table 6. 26 shows that be tween 1966 and 1 97 4, the numbers of sheep 
and goats increased slightly in the Kararedj plain, there being 
18,232 in 1966 and 20,204 in 1974. In 1974, sheep and goats were 
associated with 48 of the Kararedj plain data points. Figures 6.56, 
6.57, 6.58 and 6.59 indicate that the northern area had more sheep 
and goats than the southern area. This was probably because the 
saline and moderately saline soils to the north and east of this area 
provided satisfactory grazing for these animals. In 1977, small 
flocks of sheep had been introduced into the reclaimed saline area of 
the Margh depression. 
In 1974, 49 of the 55 Baraan data points were associated with 
31,708 sheep and 41 with 6,109 goats. Table 6.26 indicates that 
between 1966 and 1974, the total numbers of sheep and goats almost 
doubled in the Baraan plain and shows that there were 19,623 in 1966. 
Figures 6.56, 6.57, 6.58 and 6.59 show that sheep and goat 
ownership was widespread in the Baraan plain. In 1977, large numbers 
of these animals were observed being grazed in the saline depressions 
to the south and north of this area. 
The Rudasht plain was the most important area of sheep and goat 
husbandry in the Esfahan region. In 1974, it contained 99,451 sheep, 
approximately 35% of all the sheep, and 120,613 goats, approximately 
65% of all the goats. Table 6.26 shows that the total number of 
these animals increased by over four times between 1966 and 1974 from 
54,747 to 220,063. Figures 6.56, 6.57, 6.58 and 6.59 show that 
the most important part of the Rudasht plain for such livestock was 
the area in the Shah Kuh mountains to the south of the main irrigated 
area. In 1974, Mohammadabad situated in this area had 55,000 goats 
and 45,000 sheep. In 1966, the farmers of this settlement owned a 
total of 50,000 sheep and goats. In 1977, the flocks of sheep and 
herds of goats owned in that area were dispersed over the Shah Kuh 
mountains searching for small areas of edible vegetation. 
6.6.4 Patterns of Beasts of Burden 
---
~-~·1l General Aspects 
Figures 6.62 to 6.67 represent the patterns of livestock not 
intended for slaughter but principally as beasts of burden. The 1966 
Village Gazetteer is the only source of information on the 
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distribution of oxen in the Esfahan region. These data were 
illustrated by Figure 6. 62. The 1974 Agricultural Survey data set 
included a relevant category but no statistics. Oxen were mainly 
employed for pulling light wooden ploughs and carts. The pattern of 
mules in the Esfahan region, shown in Figure 6.63, is based on 
information from the 1974 Agricultural Survey. The 1966 data set had 
no such statistics. MuJ.es and donkeys usually carried small loads of 
produce but many were seen in 1977 laden with considerable burdens of 
hay and vegetables. The 1966 Village Gazetteer includes numbers of 
donkeys and horses. Figure 6.64 shows the pattern of horses and 
donkeys in 1966. By using the statistical canputer package MIDAS, 
lists of statistics pertaining to horses and donkeys in the 1974 data 
set were canbined. Figure 6.65 represents that information. 
Figures 6.66 and 6.67 illustrate the individual patterns of donkeys 
and horses in the Esfahan region, respectively. 
Tables 2.29 and 2.30 show that in 1966, approximately 10,513 
oxen and approximately 16,769 horses and donkeys were associated with 
the 741 study data points in the Esfahan region. Table 6. 30 shows 
that in 1974, there were 19,947 horses and donkeys attached to these 
data points. Comparison of Tables 6.31 and 6.32 shows that the 
number of donkeys, 19,016, was far more than that of horses, 931. 
The general histogram of Figure 6.68 shows that in 1966 and 1974, 
there were between 1 and 100 horses and donkeys at most of the study 
data points but over 300 at only a few. The detailed histograms 
indicate that in both the eastern and western parts of the region, 
most villages had between 1 and 20 horses and donkeys in 1966 and 
1974. The histograms of Figure 6.68 and the scattergrams of Figure 
6.69 illustrate the increasing numbers of these animals between 1966 
and 1974. Figure 6.69 shows that at Peykan, there were no horses 
and donkeys in 1966 but 1,505 by 1974. This village, situated to the 
south of the Rudasht plain was principally concerned in 1966 with 
irrigated cultivation of such crops as wheat, barley, and sugar-beet. 
By 1974, arable agriculture was minimal and livestock husbandry was 
pre-eminent. Besides the horses and donkeys, the villagers owned 
2, 000 cows and 11 , 000 sheep and goats. On the other hand , Figure 
6.69 indicates that at the village of Manzariyeh-ye-Olya, situated 
to the north of Hom~ounshahr, there were 500 horses and donkeys in 
1966 but none in 1 97 4. Hypo theses that farm horses and donkeys had 
been replaced by tractors or that that data point area had becane 
agriculturally unimportant between 1966 and 1974 were both disproved 
by the statistics of the 1974 Agricultural Survey data set. The 500 
horses and donkeys at the village of Jowharestan-ye-Olya, situated in 
Table 6.29 Numbers Of Oxen 
+===========+========+=========+=========+========+========+ 1 Plain 1 Year Number Of Maximum 1 Mean 1 Total 1 
1 1 Data Points Value 1 Value 1 Value 1 
+-----------+--------+---------+---------+--------+--------+ ~----ochian-~--1966--~---22o---~---aoa·--~--;2:4--~--2733--~ 
-+--------+-----+--------+-~--~ I ·- --+-------+ 
I Lenj an I 1966 I 131 I 1 ooo I 31. 9 I 4183 I 
I ---------1 ------+--------+------+------+------+ 
IFalvardjan I 1966 I 41 I 240 I 36.8 I 1510 l 
t----~--;:-T---~-r--- -+----t 1 Najafabad 1 1966 1 39 1 28 I 2.9 I 115 1 
+-----+---+-~~-- ---1 - - I --1------+ 
I Esfahan I 1966 I 84 I 50 I 1. 4 I 116 I 
+- -+----- I -----+---- I ~------+-------+ l Kararedj l 1966 l 68 I 60 l 8.3 l 565 I +---- I --+-----+-----+-----+------+ l Baraan l 1966 l 55 I 60 I 9.8 I 538 I +---- I - ---+----- -+-----+----+ I Rudasht I 1966 I 103 I 66 I 7. 3 I 753 I 
+--- ---+=========+=========+========+========+ I 7 41 I 1000 I 14. 2 I 1 0513 I 
+-------+------I ----+----+ 
Table 6.30 Horses and Donkeys 
+------+----- t ---- - --+-----+ 
l Area 1 Year Number Of Maximum Mean 1 Total 1 
1 1 Data Points Value 1 Value 1 Value 1 
+==========================================================+ j Esfahan I 1974 I 740* I I 27.0 l 19947 l . 
! Region r-1966 ~-- 741---~-- 5oo---r--22:6 ! i676g-i 
t----------------------------------------------------------t ~-----ocfiian·T--1974--:---225---~---555·--:--27:5--:--6556-~ 
1 Plaint-~~-- 1 -- 1 -- -- 1 --+ 
I I 1966 I 220 I 250 I 16. 4 I 3609 I 
, __ ------- I ----t------ I -----+-------- I -----t 
1 Lenjan 1 1974 1 130* 1 I 32.3 I 4204 1 
1 Plain +- . 1 -- ---+-----+---+ 
I I 1966 I 131 I 500 I 28.4 3718 I 
T-Falvardjan ! -1974 ! 41 --:--2oo---r--32.s -133;-i 
1 Plain+ -+----- ---+- ---•- ---+ 
I I 1966 I 41 I 330 : 45. 6 l 1869 : I Najifibid-:--1974 ! 39 ~-- 200 --r--20:6--! -802"1 
! Plain r-1966 l~~-120 17 · 8 ! -6951 
l Esfaha~-1974·:--84 ! 350 21.81'18321 
1 Plain +--- ~ - - ---+----+ 
I I 1966 I 84 500 29.6 I 2490 I 
+-- -- ·------.. --+-----·- -----+- ---+ 1 Kararedj l 1974 I 68 l 110 I 13.2 896 I I Plain t-----+-------+--------t-- -----+-----;-t 
I I 1966 I 68 I 70 I 12. 8 I 868 I 
+------------+-----+---------+-------+------+------+ I Baraan l 197 4 l 55 l 160 l 21. 3 I 1174 l 
I Plain I -+------+--- --~-----+ 
1 11966: 55: 60 15.1: 8331 
+---------~--------+--------~~- ------+--------+-------+ j Rudasht l 1974 : 103 I 1505 I 35.5 I 3652 : 
1 Plain+----+--------+-----+------+---+ I : 1966 I 1 03 I 500 I 26. 1 I 2687 I +---------+-----+------- ~ -------+--------+------+ 
* Erroneous value for the Khorammabad data point omitted. 
Table 6.31 Numbers Of Donkeys 
Plain Year N~r . Ots r<1axa_Fuun )\~ ~~ Da Ftnn V. LE V. ue 
O::::hian 1974 220 500 26.3 5782 
Lenjan 1974 130* 500 31.8 4139 
Falvardjan 1974 41 100 26.1 1072 
Najafa!:Ed 1974 39 200 20.4 797 
Fsfahan 1974 84 300 18.6 1566 
Kararedj 1974 68 
-
110 12.9 879 
Ba.raan 1974 55 150 20.9 1150 
Rlrlasht 1974 103 1500 35.3 3631 
~r~ l ~~ p:nnt am~ 740* 1500 25.7 19016 
Table 6. 32 Nunl::ers Of Ibrses 
Plain Year ~~~l\~J&un ~ue ~ 
O::::hian 1974 220 50 1.2 274 
I.enjan 1974 131 10 0.5 65 
Falvardjan 1974 41 100 6.3 259 
Najafab3d 1974 39 5 * 5 
Fsfahan 1974 84 50 3.2 266 
Kararedj 1974 68 3 0.3 17 
Ba.raan 1974 55 10 0.4 24 
Rlrlasht 1974 103 6 0.2 21 
741 100 1.3 931 
* l'-1ean valLE rot uxhcaterl due to l& data valLEs. 
Table 6. 33 Nunl::ers Of t-1ules 
Plain Year ~r.Of ~un ~ue ~ Da R:nnts V. LE 
O::::hian 1974 220 20 0.6 126 
Lenjan 1974 131 10 0.2 25 
Falvardjan 1974 41 50 2.2 90 
Najafatad 1974 39 0 0.0 0 
Fsfahan 1974 84 20 0.8 65 
Kararerlj 1974 68 3 * 6 
Ba.raan 1974 55 2 * 3 
Rlrlasht 1974 103 3 * 3 
741 50 0.4 318 
* M2an value oot m::hcate:l due to l& data values. 
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the southern part of the lenjan plain, in 1966 had dwindled to 40 by 
197 4. The agricultural area. surrounding the village was a.bou t the 
same in 1974 as in 1966, so perhaps the purchase of 3 tractors can 
explain the fall in numbers. 
6.6.42 Local Patterns 
~.~.421 Ochian Region 
Figure 6.62 shows that in 1966, numerous oxen were in service in the 
eastern area. of the Ochian river valley around Mobarakeh and in the 
western area. of the valley. One grid square containing the village 
of Hosneyabad had more than 250 oxen. Fewer oxen were employed on 
.the soils of the gravel fan slopes leading down from the Osin 
mountains. Table 6.29 shows that in 1966, approximately 2,733 oxen 
were owned by the villagers in 70 of the 220 study data points in the 
area.. The mule had become a relatively important work animal in the 
Esfahan region in 1974, as illustrated by Figure 6.63. This map 
shows that there were few mules employed in the Ochian region. In 
fact, in 1974, there were only 126 (see Table 6.33) belonging to 21 
of the study data points. In 1966, there were approximately 3,609 
horses and donkeys in the area but by 197 4, they had increased to 
5,782 donkeys and 274 horses. Comparison of Figures 6.64 and 6.65 
indicates that the general pattern of horse and donkey ownership had 
. not changed dramatically between 1966 and 1974. Figure 6.65 shows, 
however, that there were more horses and donkeys in the river valley 
of the Zayandeh Rud and on the southern slopes. One grid square area 
included the village of Kalleh Maseh which had more than 500 donkeys 
~d horses in 1974. 
~.~.422 lenjan Region And Falvardjan Plain 
The patterns of Figures 6.62 to 6.64 can be interpreted as 
indications of agricultural intensity. The Ienjan region, one of the 
most intensively cultivated areas of the region, had large numbers of 
working animals. Figure 6. 62 shows that the Ienj an region had more 
oxen in 1966 than any other region. Most of the grid square areas 
contained less than 151 oxen, but several had between 151 and 200, or 
between 201 and 250 and 3 had more than 250 oxen. The grid square 
area in the central cultivated area of the Mahyar plain contained the 
village of Mahyar which had 1,000 oxen. Table 6.29 shows that in 
1 966 , there were appr ox ima tely 4, 100 oxen in the Lenj an and Mahyar 
plains. In 1974, there were 4,139 donkeys and 65 horses associated 
with 75 and 19 of the 131 Lenjan data points, respectively. Figure 
176 
6.66 shows that the donkeys mainly belonged to data points situated 
in the north-east and south-west of the Lenjan plain. Figure 6.64 
shows that donkeys and horses were extensively employed in the area 
in 1966. Most grid square areas had less than 300 donkeys although 
one grid square area, containing the village of Arazi situated in the 
southern area of the Lenjan region, had more than 500 horses and 
donkeys. In 1966, there were 3,718 horses and donkeys attached to 87 
of the 131 study data points of the Lenjan and Mahyar plains. The 
1 CJ74 Agricultural Survey data set included an estimate of 20,000 
horses and donkeys for the small village of Khorammabad, situated 
within a small cultivated area between the Lenjan and Mahyar plains. 
The size of Khorammabad suggested that this figure was erroneous and 
it was ignored in the production of Figure 6.65 and in the 
statistical analysis. Comparison of Figures 6.64 and 6.65 shows 
similar patterns for 1966 and 1 CJ74. The two grid square areas that 
contained more than 500 horses and donkeys in 1 CJ74 included the 
villages of Nekuabad and Khorramabad. 
In 1966, there were 1,510 oxen at 22 of the 41 study data points 
in the Falvardjan region. Figure 6.62 shows that these data points 
were mainly situated in the extensively cultivated madi-irrigated 
area between Falvardjan and Dorcheh Piaz. The two grid square areas 
containing more than 500 oxen, were situated to the south-west of 
Dorcheh Piaz and to the west of Falvardjan and contained the villages 
of Miyan Rashid and Dastachti and Jilab, Ahmadabad-e-Marbu and Lirak 
Sakan. Figure 6.64 shows that the grid square area including Miyan 
Rashid and Dastachti had more mules than any other area in the 
:EBfahan region. The other four grid square areas in the Falvardjan 
plain which contained mules, had less than 30 beasts. In 1CJ74, g) 
mules belonged to 6 of the 41 study data points. Comparisons of 
Figures 6. 64 and 6. 65 show the similarity of the 1966 and 1 CJ7 4 
patterns of horse and donkey ownership. Most grid square areas in 
both years had below 100 horses and donkeys, although a few 
represented between 101 and 200 of these animals. The grid square 
area containing Miyan Rashid and Dastachti had the largest numbers in 
1966 and 1 CJ74. There was a slight decrease in numbers of horses and 
donkeys in the Falvardjan plain fran 1 ,869 in 1966 to 1,331 in 1CJ74 • 
.§. • .§_. 423 Naj afabad And :EBfahan Plains 
Figure 6.62 shows that few oxen were owned by the villagers of the 
Najafabad plain. In 1966, there were 115 oxen at 8 of the 39 data 
points situated mainly in the southern part of the Najafabad plain. 
In 1966, 126 oxen were associated with 11 of the 84 study data points 
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located in the Esfahan plain. Figure 6.64 indicates that less than 
10 mules were owned by the villagers of the Najafabad plain by 1 g-?4. 
Mules were more numerous in the Esfahan plain, however, and in 1 gJ 4, 
65 mules were attached to 11 data points. Horses and donkeys were 
important work animals in both the Najafabad and Fsfahan plains in 
1966 and 1974. Figures 6.64 and 6.65 show the distribution of data 
points having these two animals in these 2 years. Table 6.30 shows 
that in 1966, the study data points of the Najafabad plain had 695 
horses and donkeys and by 1974, 1,802. Tables 6.31 and 6.32 show 
that these animals c anpr ised 7g-J donkeys and 5 horses. Table 6. 30 
indicates that the villagers of the Esfahan plain had 2,490 of these 
animals in 1966 compared with 1,832 in 1g-?4, the latter number 
consisting of 1 ,566 donkeys and 266 horses. 
6. 6. 424 Plains East Of Esfahan 
Table 6.29 shows that in 1966, the villagers of the Kararedj and 
furaan plains had fewer oxen than those of the Ochian, lenjan and 
Falvardjan plains. This variation is illustrated by Figure 6.62. In 
1 %6, these 1 , 1 03 oxen belonged to farmers at 94 in the 152 study 
data points of these areas. Although most of the grid square areas 
of the Kararedj and Baraan plains contained oxen in 1966, Figure 6.62 
shows that the number represented were below 50. Figures 6.64 and 
6.65 indicate that the patterns of horse and donkey ownership in 
1%6 and 1g-?4 were similar to that represented by Figure 6.62. Most 
grid square areas of both districts contained data points with these 
animals, but numbering less than 100 in each case. Table 6.30 shows 
that the number of horses and donkeys in the Kararedj plain remained 
stable between 1966 and 1 g-?4: in 1966, there were 868 horses and 
donkeys. Tables 6.31 and 6.32 indicate that the number of horses 
and donkeys increased in the furaan plain, however, fran 833 horses 
and donkeys in 1966 to 1,150 donkeys and 24 horses in 1974. Figure 
6. 62 shows that each one of the grid square areas of the Rudash t 
plain had below 100 oxen in 1966. In fact, Table 6.29 shows that 
the mean number of oxen per village was approximately 7. Of these 
animals, 753 belonged to 44 of the 68 data points in that region. 
Figure 6.62 also indicates that few oxen were employed in the 
agricultural areas to the north and south of the main cultivated 
areas of the Rudasht plain. The farmers here depended on numerous 
donkeys for transporting fodder, fertiliser and produce along the 
extremely rough and uneven dirt roads between otherwise inaccessible 
settlements. Tables 6.30, 6.31 and 6.32 show that between 1966 
and 1 g-?4, the numbers of these animals increased from 2,687 horses 
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and donkeys in 1966 to 3,631 donkeys and 21 horses in 1974. By 
ccmparison of Figures 6.64 and 6.65, a similar pattern of animal 
ownership in 1966 and 1974 was indicated. The only changes of 
significance were in the small agricultural areas situated within the 
Shah Kuh mountains. The village of Peykan had no horses and donkeys 
in 1966 but 1,500 in 1974. Figure 6.63 shows that mules were rare 
in the plains to the east of Esfahan in 1974. 
_§_ • ..§. • ..2. Patterns of Camels and Pigs 
The 1974 Agricultural Survey data set included information about the 
ownership of camels and pigs in the Esfahan region. Before the 
arrival of the automobile, camels were widely used for carrying 
passengers and goods across the vast arid wastes of Iran. Many of 
the fine caravanserais have since became derelict or have been 
adapted for other purposes, for example, the Shah Abbas Hotel in 
Esfahan itself. Figure 6.70 illustrates the distribution of those 
data points with camels in 1974. A few camels were owned at data 
points in the Ochian plain. 
Mirkan had 10, Now Guran 10, 
Figure 6.70 indicates that 
From west to east, the villages of 
Makkabad, 5, and Qahnaviyeh, 100. 
in the small agricultural area to the 
south of the Rudasht plain, which was an important centre for 
livestock husbandry, there were numerous camels in 1974. In the two 
villages in the east of that area, Hosneyabad and Azar Kharan, were 
100 and 10 camels, respectively, whereas there were 2,000 in each of 
the villages of Mohammabad and Nasrabad to the west. 
Pigs were less numerous and Figure 6.71 shows that in 1974, the 
only villages breeding them were Mahmudabad to the west of Najafabad 
in the Morghab valley and Kachuyeh to the south of the Zayandeh Rud. 
Mahmudabad had 1 00 pigs in 197 4 and Kachuyeh only 2. The Qoran 
forbids Moslems to eat pork so that these animals were probably 
intended for consumption by foreign visitors and tourists in Iran. 
6. 7 CONCIDSIONS 
From a qualitative point of view, the elucidation of the spatial 
patterns of arable and pastoral agriculture has shown that, although 
each of the ccmponents of the environmental system of the Esfahan 
region represented a major constraint, water availability was the 
prime spatial control on these forms of economic activity. The 
concentration of intensive, productive cropping and livestock 
husbandry in the well-watered areas of the region not only 
exemplified this relationship but also indicated that the 
construction of irrigation networks, the alteration of the natural 
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regime of the Zayandeh Rud and the creation of qanats and wells had, 
in general, alleviated the region's hydrological controls on 
agriculture. The converse of this relationship was that the problem 
paramount in the minds of farmers of the Naj afabad , Esfahan, Karared j 
and Rudash t plains, was that of water supply. In the late 1 970s, the 
building of a new irrigation system promised to reduce the 
constraints imposed by the spatial disparities of surface and ground 
water supply. The departure of the Sogreah Consulting Engineers and 
the present antipathy towards the material remnants of the Pahlavi 
regime coupled with the anti-Western attitudes of the Khomeini 
government will probably discourage the use of the new network. In 
the short-term, the sensitive balance which existed between the 
agriculture and environment of the Esfahan region before the 
Revolution, seems likely to continue, but in the long-term the 
inevitable expansion of the region's urban settlements and their 
increased demand for water will constitute a. threat to the 
agricultural economy. 
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CHAPTER SEVEN 
POPULATION PATTERNS 
7. 1 INTRODUCTION 
The analysis presented of the spatial patterns of rural population 
distribution in the Esfahan region shows how the cultivation 
. intensity and the agricultural productivity vary according to 
environmental conditions. The populations and the social and 
economic facilities of the large rural settlements and, subsequently, 
of the urban centres are examined. The data obtained for recent and 
predicted changes in urban populations are later used in Chapter 
Eight to evaluate present and future water requirements. The effects 
of encroachment by expanding towns upon agricultural land are also 
discussed. 
7.2 RURAL POPULATION PATTERNS 
7 .2.1 Estimates Of Rural Population 
The rural population considered constituted the inhabitants of 
settlements containing less than 5,000 peoPle (1 ). In 1966, the 
total population of the Fsfahan region was approximately 739,000 and 
the rural population was 148,000. In 1972, the total population was 
estimated to be approximately 1,025,000 and the rural population, 
218,000 (2). An annual natural increase of 3% and an annual increase 
of 3.7% by immigration were believed to account for the 6.7% annual 
increase of the rural population between 1966 and 1972. In 1975, the 
Sogreah Consulting Engineers suggested that the rural population 
would continue to increase and would number approximately 295,000 by 
1981 and 333,000 by 1987 (3). 
The number of people actively engaged in agriculture was 
estimated to be approximately 70,000 in 1972, roughly 30% of the 
rural population. The agricultural labour force was difficult to 
enumerate because of the seasonal and temporary nature of much of 
this employment and the increasing numbers of people working in both 
the agricultural and industrial sectors. Double employment was 
particularly common in the zones of small holdings. Non-agricultural 
employment was an important component of the rural labour force. A 
steel works, a cement-making factory and also the sugar-refineries 
and the textile factories of Esfahan provided between 1 0, 000 and 
15,000 permanent jobs and numerous temporary jobs. The majority of 
the jobs were unskilled (4). Pased on information for the ostan, the 
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ratio of agricultural to industrial employment was 1.2:1 (5). 
1.];_.];_ Villages In The Esfaban Region. 
The villages of the Esfaban region generally comprised small, 
two-roomed, single storey, mud-brick houses. Many settlements were 
encircled by tall, thick walls, no doubt built in the past as 
defences against marauding nomads. Indeed, in several villages there 
were central areas for keeping livestock. This form of fortified 
settlement was common in the other fertile enclaves bordering the 
central plateau of Iran. All the villages were centred around a 
source of water such as a well or qanat. These sources were normally 
communal and women carrying water in plastic jugs and buckets were a 
common sight. The close grouping of the villages reflected the 
. tight, complex social organisation of these settlements. The houses 
had poor lighting and uneven, dirt floors but provided cool, shady 
havens from the brilliant, summer sun. The flat roofs, strengthened 
with timber rafters, afforded cool resting places during the hot 
summer nights. During winter, hay was sometimes stored on the roofs 
to provide insulation from the cold. A carpet or a layer or carpets 
seemed to be the principal form of furnishing in these dwellings. 
Small petrol or gas-fuelled stoves were mainly used for cooking, 
boiling water and the almost perpetual tea-making. The diet of the 
native populace was varied. Rice and bread with either kebabs of 
lamb, mutton or chicken, or stews consisting of fruits and vegetables 
were the main dishes. Elaborate stews, including walnuts, 
pomegranate juice, tomatoes, quince and lamb were occasionally 
concocted and served with rice, coloured with either saffron or black 
cherry. Yogurt mixed with segments of cucumber and melons were 
frequent side-dishes. Strong tea, heavily sugared but without milk, 
was the most popular beverage. In many houses, tea was brewed in 
samovars throughout the day. 
Most of the villages seemed only concerned with agriculture and 
many, particularly in the western part of the region, had numerous 
store-houses for fodder crops and fruit and vegetable produce. Most 
of the produce and livestock were transported in small, hired trucks 
and lorries, generally owned by their drivers, to market in Esfaban. 
The farmers intimated that Tehran was becoming of increasing 
importance as a market too. 
7 .2.3 1966 And 1974 Data Sets 
--- ------------
Figure 7.1 shows the regionalisation employed in the analysis of the 
1966 Village Gazetteer and 1 974 Agricultural Survey data sets. 
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Figures 7.2 and 7.3 show that at the 741 data points included in 
the 1966 and 1974 data sets, a close similarity existed between 
household patterns in 1966 and 1 97 4. A Spearman's rank-order 
correlation coefficient of 0.8701 also suggests a high degree of 
association between these two data sub-sets. The validity of 
employing Figures 7.2 and 7.3 to show variations of population 
density is confirmed by Spearman's rank-order correlation 
coefficients of 0.9931 and 0.8691, relating to the degrees of 
association between the 1966 household and population data sets and 
1974 household statistics, respectively. The high degree of 
association between these three data sets is also evident on 
comparing Figure 7.4, which illustrates the pattern of population 
density in 1966, with Figures 7.2 and 7.3. The Village Gazetteer 
. and Agricultural Survey data indicated that in each of the plains of 
the Esfahan region, the numbers of households associated with the 741 
data points increased between 1966 and 1974. The Spearman' s 
rank-order correlation coefficient of 0.8701 infers, therefore, 
that, in general, the sizes of the populations at the data points 
were strongly related in size to their population increases between 
1966 and 1974. In 1966 and 1974, most data points had between 1 and 
200 households and only a few had more than 201 households in 1 966 
and 1974. The detailed histogram of Figure 7.5 indica.tes that in 
1966, most settlements had between 1 and 20 inhabitants and more 
villages had a population of between 1 and 200 than of between 201 
and 500. 
7-~·1 Popu1ation Density Variations 
The environmental and agricultural differences between the eastern 
and western parts of the Esfahan region were directly related to its 
.c-opulation characteristics. In 1972, 60% of the agricultural land 
was located to the west of Esfahan and 40% to the east. Of the 
region's rural population, ffi% existed in the west and 20% in the 
east. In the west, moreover, 75% of the population lived in villages 
., 
with over 1 , 000 inhabitants whereas to the east of Esfahan in 1972, 
90% of the population lived in settlements of less than 1,000 people. 
Only 2 villages in the eastern part had populations above 1 , 000 
whereas in the west, 48 villages had populations above 1 , 000 and 26 
above 2,000 (6). 
Figures 7.2 and 7.3 indicate general disparities of population 
density between the eastern and western parts of the Esfahan region. 
Figures 7.2 and 7.3 also show that in 1966 and 1974, the most 
densely populated zone coincided with the fertile madi-irriga.ted 
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area, extending from the western part of the Ochian river valley 
through the Lenjan, Falvardjan and Fsfahan plains into the Kararedj 
and Baraan plains. Figures 7. 2 and 7. 3 show that although the grid 
square areas of this densely populated zone contained more than 125 
households in 1966 and 1974 [*], the zone itself was more extensive 
in the west than in the east. (Figure 7.4 also indicates that few 
grid square areas in the eastern zone contained more than 625 
people). 
The population density patterns of Figures 7.2, 7.3 and 7.4 
and the locations of the large rural settlements make it possible to 
. subdivide the Fsfahan region into three distinct areas. Figure 7.6 
shows that the first, the zone of high population density, includes 
the Ochian river valley and the madi-irrigated areas of the Lenjan, 
Fal vardjan and Esfahan plains. The second, the zone of moderate 
population density, includes the predominantly riverine-irrigated 
weas of the Kararedj and Baraan plains. This zone has fewer large 
rural settlements than the first zone. The southern area of the 
Ochian region, the Deh Sorkh depression, the Najafabad plain, the 
central and northern areas of the Esfahan plain, the northern and 
eastern parts of the Kararedj plain, the Margh depression and the 
Rudasht plain comprise the third zone of low population density. 
7.2.41 Zone Of High Population Density 
7.2.411 Ochian River Plain 
Figures 7.2 and 7.3 indicate that the river plain of the Ochian 
region was densely populated in 1966 and 1974, since several grid 
square areas contain more than 125 households. Similar variations 
are also depicted by Figure 7.4 which shows that most of the 1km 
grid squares having more than 625 inhabitants were situated near the 
Zayandeh Rud. The population density of the Ochian valley was 
clearly related to its environmental favourablity. Its flat or 
gently undulating topography, fertile Alluvial soils, temperate 
climatic conditions and abundance of good quality surface and ground 
water make it the most environmentally amenable area. of the Fsfahan 
region. It may have been the first major centre of hydro-agriculture 
and settlement in the Esfahan region. 
The area has more large rural settlements than any downstream 
area of comparable size. Figure 7.7 shows that from west to east, 
Now Guran, Paba Sheykh Ali, Cham Gordan and Riz are situated to the 
north of the Zayandeh Rud and Sedeh, Varnamkhast, Karkevand and 
f*] Maps with larger class intervals, however, indicated that few of 
these grid square areas had more than 250 households. 
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Mobarakeh are si tua.ted to the south. Populous concentrations rather 
than more numerous, smaller centres may have aided both defence 
against marauders and the conservation of this most important and 
prosperous agricultural zone between the limits of the flood areas of 
the Zayandeh Rud and the generally infertile gravel fans and rocky 
areas to the north and south. The strong family ties which dominated 
the sociology of the rural areas undoubtedly promoted cohesion. The 
complex web of tracks and paths that today still criss-crosses the 
river valley would have connected even the most scattered farmlands 
to settlements. The intensive cultivation and the considerable 
supplies of surface and ground water available would have supported 
the growth of large rural populations. In 1977, the Zayandeh Rud and 
numerous shallow and semi-deep wells were supplying the 
hydro-agricultural areas and populations of Riz and Mobarakeh. The 
1 g?'4 Agricultural Survey specifies all the agricultural areas of the 
other other large settlements of the area (see Figure 7.7) received 
water from the Zayandeh Rud, with the exception of Qahnaviyeh which 
relied on ground water [*]. 
During the 1960s and 1970s, population growth was associated 
with industrial rather than agricultural developnent. Surface water 
availability was one of the deciding factors in siting the Arya Mehr 
steel works in the Ochian river plain. Figure 7.7 shows that this 
enormous complex was built on the large expanse of infertile land 
bordering the northern periphery of the plain. In 1977, the steel 
plant was being supplied with river water by means of a system of 
pumps and pipelines [ **]. The provision of numerous skilled and 
unskilled jobs during the construction and manning of the Arya Mehr 
steel works attracted considerable numbers of workers to the 
neighbouring towns and villages. Between 1966 and 1 g-?2, the rural 
population of the Ochian plain increased by 12% from approximately 
36,500 to approximately 61 ,600. Assuming an average annual rate of 
3% for the natural increase of the population, the average annual 
increase due to immigration was approximately o/f,. The population of 
the Ochian plain increased more rapidly than in any other area in the 
Esfahan region (7). In 1977, there were plans to build (with the 
help of British expertise) another steel plant opposite to the Arya 
Mehr steel Works to the south of the Zayandeh Rud [***]. 
[ *] The villages of Kalleh Measch, Cham Gordan and Vini relied solel;y 
on riverine water. Karchegan however had 12 qanats, Now Guran 5 
ganats, and Deh Nowi Mirkan~ Bistegan~ and Qahnaviyeh, 1 qanat each. 
Some of these vi lages ~so had a Iew shallow and semi-deep wells. 
In 1974 Qahnaviyeh had 4 shallow wells and 2 semi-deep wells· 
Sheykhabad had 8 shallow wells and 2 semi-deep wells, and Baba Sheykh 
tli had 4 shallow wells. **] The water use characteristics of the Arya Mehr steelworks are ~xam~ned in detail in Chapter Eight page 216. 
L***J The predicted water use cfiaracteristics of the 'British' 
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Implementation of these plans has probably been curtailed by the 
recent political upheavals in Iran. 
Although the town of Arya Shahr was built to the south of 
Najafabad (see Figure 5.17) to accommodate the steelworkers, many 
settled in Riz, Varnamkhast, Mobarakeh and the smaller communities of 
the Ochian plain. In 1977, the steelworkers were seen commuting from 
these settlements in minibuses. In 1966, Riz had 13,118 inhabitants 
(8). In 1977, new residential areas had recently been developed for 
the numerous immigrants. The areas of new housing in Varnamkhast and 
Mobarakeh, to the east, were indicative of marked population 
increases in these settlements. Between 1966 and 1974, the 
population of Mobarakeh increased by 43% from 6,968 to 9,970 (9). In 
1977, there were plans to make Mobarakeh the residential area for the 
workers of the proposed new steel plant to the south of the Zayandeh 
Rud. It was believed that a town containing agricultural and 
industrial workers would be better than Arya Shahr where all the 
inhabitants were, in some way, connected with steel-making. It was 
\ 
. predicted that the number of men employed at the new steel plant when 
in full production would be approximately 20,000, and that with their 
wives and children would constitute a population of approximately 
100,000 (10). The plans to expand and modernise the facilities of 
Mo barakeh would have benefited what, in 1977, was a poor community. 
The retail and service sectors of the rural economy of the 
Esfahan region provided considerable employment. The dominating 
influence of Esfahan, however, prevented any other large settlement, 
with the possible exception of Homayounshahr, from achieving any 
importance other than in its immediate locale. For example, the 
construction of a metalled road had improved communications between 
Mobarakeh and Esfahan but the increased influence of the city proved 
detrimental to Mobarakeh's commercial and non-commercial activties 
[****]. The social and economic facilities and services of the 
settlements of the Ochian river plain, 
particular, sometimes specialised, needs 
communities and the populations nearby. 
therefore, indicated the 
and products of those 
Riz, in common with the smaller centres of population in the 
Ochian river plain (and elsewhere in the Esfahan region), had 
numerous retail outlets and services [ *****]. Generally, the 
juxtaposition of totally dissimilar shops seemed to contradict any 
overall pattern of retailing even in the larger settlements. The 
tteellorks are discussed in Chapter Eight, pages 219-221. **** In 1966 Mobarakeh contained 25 mosques, a library, 2 public ath- ouses and a taxi service. It had fewer medical fac1liti~s than 
!liz am~ in 1966Cf contained onl~ a clinic and a small hospital ~ 11 ) . L*****j In 1 6l Riz in9lu ed 15 mosques, 2 clinics, 2 doctor's 
surgenes and pnarmacies ~ 12 . 
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most numerous were butcher's shops and general stores. In 1977, 
there were slaughter houses in all the large towns and the butcher's 
shops sold the local red meat. In 1974, every large village of the 
Ochian plain had numerous butcher's shops, for example, Cham Gordan 
had 15. In 1974, Cham Gordan had 80 general stores and Baba Sheykh 
Ali and Qahnaviyeh each had 20. Most of the general stores visited 
in 1977 were well-stocked and some had awesome ranges of provisions 
and household sundries. The provisions were indicative of the 
surrounding agricultural production and those most commonly stocked 
seemed to be rice, flour, sugar, 'panir' a cheese made from goat's 
milk, butter, herbs, spices and juices, pistachio nuts, beverages and 
pure yogurt. Many general stores sold fresh fruit and vegetables 
which they purchased from neighbouring farmers. The presence of 
flour mills in several of the large villages showed the importance of 
cereal crops in the Ochian river valley. Small bakeries used much 
..... lour, during meal-time periods, to make vast quanti ties of 
unleavened bread called "nun". These bakeries were normally scenes 
of feverish activity as a team of several men, each with his own 
particular task, produced vast amounts of bread for the queue of 
customers outside. The dough was converted into bread by being 
pressed onto the sides of conically shaped, gas-fired ovens. Before 
sale, the bread was shaken to rid it of adherent stones. Almost all 
, of the bakeries visited were crammed with great bags of flour. Bagh 
Baderan, the largest village in the narrow river gorge that extended 
south-eastwards into the main Ochian river plain, had 10 bakeries 
[*]. The presence of rice mills in the large villages in 1974 
demonstrated the general importance of this specialised crop in the 
Ochian river valley. Mirkan had no rice hectarages in 1966 and 1 97 4 
but its rice mill was indicative of the service by large villages and 
small towns to neighbouring small villages, hamlets and farms. In 
1966, many of the Ochian river valley settlements contained outlets 
supplying petrol and oil. Garberand, situated approximately 4km to 
the west of Mobarakeh (see Figure 7. 7), was one of the villages that 
had a motor-cycle repair shop. Motor-cycles were a popular form of 
. transport in the rural areas because they were inexpensive to buy, 
maintain and run, and were well-suited to the rough roads. Enormous 
loads of hay, produce and even families were seen being transported 
on small Japanese machines in 1977. 
Most Esfahanis, particularly those living in rural areas, are 
[ *] J?agl] l?aderan had a population of 2, 668 in 1 g66. The village 
contained 4 mosgue~, a theatre for religious pl~ys~ 2 praveyards and 
2 mortuanes ~ 1 '3 • Its retail shops incluaea 5 fiairdressers, '3 
butcher's shops, 2 carpentry and furniture-making shops, 39 general 
stores and a ta1lor's snop. 
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devout Moslems. In FJ77, at specified times during each day, they 
could be seen praying, frequently on intricately patterned prayer 
mats, towards Mecca. The situation, be it home, shop, even railway 
station, was immaterial. All the large villages supported mosques in 
1974; Cham Gordan and Qahnaviyeh had 6 and 18 mosques, respectively. 
Despite the establishment of many elementary and secondary schools 
during the reign of the Shah in many large villages and towns in the 
Esfahan region, adult illiterates were in a majority in 1977. Most 
of the primary schools were solely for boys. Of the large Ochian 
.• illages, however, only Karchegan had no school in 1974. 
For many families, particularly in areas of intensively 
cultivated small holdings, carpet weaving provided a useful and even 
vital source of income. In 1974, carpet weaving was an important 
. industry in many large Ochian villages: Deh Now had 300 carpet 
frames; Baba Sheykh Ali, 200; Now Guran, 18J; Vini, 100; and 
Karchegan, 20. Qahnaviyeh, a particularly important carpet weaving 
centre, had 500 carpet frames. Carpet weaving was a traditional and 
exclusively female craft for centuries in the western part of the 
Esfahan region. Table 7.1 and Figure 7.8 show that by 1974, 
weaving had become less localised but that the plains of the 
Falvardjan and Najafabad were still the prime areas for this form of 
activity. The process of communicating the skills of the craft from 
one generation to the next, by the children helping and watching 
their mothers, prevented many children from being properly educated. 
Merchants, who travelled regularly from Esfahan, Najafabad and Nain, 
offered prices according to the type and size of carpet and the time 
taken to manufacture it. Some large and elaborate carpets took over 
two years to complete. In 1977, the regular price for a carpet 
completed in less than six months was 10,000 to 15,000 rials but 
40,000 rials were being accepted for larger carpets which had taken 
over a year to weave. Iranians bought carpets not only for comfort 
and aethestic appeal as domestic furnishings but also as a sound 
.investment since their value tended to appreciate with age. Those 
made in the Esfahan region were familiar throughout Iran and the rest 
of the world, London being a key marketing centre. In spite of their 
general illiteracy, the weavers could memorize the traditional 
designs in beautiful colour combinations and invent new and 
sophisticated patterns, inspired by the superb decorations of the 
mosques. Generally, antique frames, handed down through succeeding 
generations, were employed. 
In 1966, the village of Sedeh (see Figure 7.7) contained a 
coppersmith's shop. Fsfahan was renowned for its craftsmen who 
Table 7.1 Numbers Of Carpet Weaving Frames 
+-------+----- I ------+------+----+--------+ 
1 Plain 1 Year Number Of Maximum l Mean l Total 1 
1 1 Data Points Value 1 Value 1 Value 1 
+-----------+--------+---------+---------+--------+--------+ ~----ochian-:--1974--:---226---~---566---~--19:6--:--4189--: 
+------t-------t-------t----- I ----- I ----t l Lenjan 1 1974 1 131 1 500 1 25.0 1 3278 1 
+-----------+--------~---------+---------+--------+--------+ lFalvardjan l 1974 l 41 l 300 l 35.8 I 1469 I 
+-----------+--------+-------- I ---- ---+----- --~--------+ 
I Najafabad I 1974 I 39 I 500 I 53.9 I 2103 I 
+----------+-------+----------+------ • I - -----+----------+ 
I Esfahan I 1974 I 84 I 700 -l 31.0 I 2600 l 
+------- I ·-----+------+--------+-------+-------+ Kararedj l 1974 l 68 l 90 I 7.9 l 538 I 
+--------+-----+----- ' ----+------ .. -----+ l Baraan I 1974 l 55 l 94 I 13.4 l 738 I 
+-- ------+------+------+-------· I ·------I ·-----+ 
I Rudasht l 1974 l 103 l 400 I 19.3 I 1984 I 
+----------+-------+=========+=========+========+========+ 
: 741 : 700 : 21.8 :16161 : 
+---------+---------+--------+--------+ 
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produced beautiful and inexpensive copper utensils and vessels, but, 
in 1977, small coppersmith's shops were a common sight in many of the 
surrounding settlements. These skilled workers were not only 
manufacturing fine copper trays and ornamental coffee pots but also 
splendid iron pots and cauldrons. 
1·.5.-412 Madi-Irrigated Area Of The Lenjan Plain 
The madi-irrigated area of the Lenjan plain has an environment 
similar to that of the Ochian plain. Farly settlement, mainly 
supported by hydro-agriculture along the banks of the Zayandeh Rud, 
was extended when fresh land was irrigated by the madi system. This 
riverine-irrigated area of the Lenjan plain was one of the most 
densely populated areas of the Esfahan region in 1966 and 1974. 
Figures 7.2 and 7.3 show that many grid square areas contained more 
~han 125 households. Figure 7.4 shows that the pattern of 1km grid 
squares with a population greater than 625 corresponded with those of 
the grid square areas with more than 125 households in 1966 and 1974. 
In 1977, the population patterns of the south-western part of 
the Lenjan plain were ve~ similar to those of the contiguous Ochian 
plain. Figures 5.17 and 5.18 show that this area has many large 
settlements, including Dizi and Lenjan, Nekuabad and Khulerijan. The 
populations of many of the settlements of the south-western area of 
the Lenjan plain had increased dramatically because of the 
immigration of workers for the Arya Mehr steel plant. Between 1966 
and 1974, the number of households in Dizi rose from 711 to 1 ,500, in 
Lenj an from 270 to 500, and in Nekuabad from 261 to 340. In 1 966 , 
the population of Dizi was 3,584, of Lenjan 1 ,610, and of Nekuabad 
1 ,420. In Khulerijan, however, where 327 households existed in 1966 
and 320 in 1974, the size of population, 1,467 in 1966, had remained 
virtually unchanged. Shallow wells were being employed to provide 
water for domestic purposes [*]. In 1974, many large villages in this 
south-western part of the Lenjan plain, in common with those in the 
Ochian plain, were growing rice and cereal crops and had rice and 
flour mills [**]. The number of shops and other facilities in Dizi, 
included in the Village Gazetteer and Agricultural Survey data sets, 
indicated the large population supporting them. In comparison, the 
smaller communities in Khulerijan, Nekuabad and Lenjan had narrower 
[*l In 1974, Khulerijan had 7 shallow wells; Nekuabad had 2 shallow 
wells and 4 semi-deep wells; Lenjan had 7 shallow wells and 2 
~~·-deep wells; and Dizi had 3 shallow wells and 5 semi-deep wells. ** There were 215ha of rice bei~ grown at Dizi, 50ha at erijan, 50ha at Nekuabad and 40ha at Lenjan and 6 rice mills 
were in commission at Dizi, 2 at Khulerijan and 2 at Nekuabad. Large 
areas of irrigated wheat were also grown in this area in 1974, 166fia 
at Dizi, 70ha at Lenjan, 70ha at Nekllabad and 40ha at Khulerijan. 
There were 9 flour mills at Dizi and 2 at each of the other large 
villages. 
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ranges of facilities. Although this area was important for livestock 
husbandry, no slaughter house was available in Dizi, Nekuabad, 
Khulerijan or Lenjan in either 1966 or 1974 [*]. 
The northern and central parts of the Lenj an plain formed an 
intensively cultivated, highly productive agricultural zone with 
intricate patterns of land ownership and cropping. Most of the 
immigrant workers for the Arya Mehr steel plant sought accommodation 
and housing in the urban areas and emall towns of the Esfahan region. 
The predominance of small settlements in the northern and central 
parts of the Lenjan plain therefore discouraged immigration. Many 
farm-workers in this zone, however, also worked at the steel plant. 
There were 7 villages with more than 1 ,cx::x) inhabitants in 1966 and 
the largest of these, with a population of 2,065, was Oshtorjan (see 
Figure 5. 17) which served a large and densely populated rural area 
to the north, east and south. Oshtorjan, in common with the other 
villages of the area, was dependent on the riverine water for 
agricultural purposes and wells for domestic requirements. The land 
devoted to rice in the villages of the northern and central areas of 
the Lenjan plain was not as extensive as that in the south-western 
area and there were no rice mills in Oshtorjan. Many villages in the 
northern and central areas of the Lenjan plain are situated on rocky 
outliers which are steep-sided, infertile and generally surrounded by 
layers of gravel; Tad (see Figure 5.17) has developed on the western 
gravel slopes of an outlier to the south-west of Oshtorjan. Dargan 
is situated approximately 5km downstream of Tad (see Figure 5.17), 
between the mountainous periphery of the Lenjan plain and another 
rocky outlier. Sohr Firuzian is situated on the western bank of the 
Zayandeh Rud and occupies the eastern side of the rocky outlier where 
Tad is also situated. 
Figures 5. 17 and 5. 18 indicate that :Bagh-e-Kuhmeh, Sanlavan 
and Zefreh are all situated in the northern part of the I€njan 
region. :&lgh-e-Kuhmeh is east of the Zayandeh Rud and Zefreh is west 
of it and in 1974 both used riverine irrigation water [**]. In 1966, 
r *] In 1974: 4,a.COO cows were keiJt at Dizi, 2 ,COO at Lenjan, 1 ,020 at KhUlerij~ and ~g6 at Nekuabad; 2 000 sheep and lambs were keiJt at 
Dizi, axJ at L€njan, efX) at Khulerijan, !'j.nd 300 at Nekuabaa. · and 
111ha of fodder crops were grown at Diz1, 46 at Nekuabad, 3i at 
Khulenjain and 30 at LenJan. In contrast to those villages in the 
Ochian river "Plain, these villages all grew several hectares of 
cucurbit ana. non-cucurbit vegetables. · The ap:ricul tural lands 
surroundil')g these four large villt?ges were larger tfian those of the 
Ochian river valley; around Dizi there were 420ha in 1974, around 
Lenjan 201 ha, arouna Nekuabad 1 173ha and around Khulerijan, 142ha. Prooabiy~ the fertile land 1n the Lenjan plain was more accessible 
th~ in ~he confined river plain of the Ochian region. L** In 1 4 Bagh-e-Kuhmeh also obtained water from 7 semi-deep 
wel s anf { qanat and Zefreh, from 2 semi-deep wells. Sanlavan is 
situated on the eastern border of the Lenjan plam and in 1974, was 
l:'rovided with water by a qanat lead1ng down from the Shah Kuh 
~ountains and 4 semi-deep wells. 
the population of Zefreh 
Bagh-e-Kuhmeh, 1 , 04 7. 
was 1 ,435, 
Petween 1966 
of Sanlavan, 
and 1974, 
1 ,064 and 
the number 
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households in Zefreh increased from 285 to 400, indicating a 
substantial rise in population, but the population in the other two 
villages did not a~ter appreciably. The northern area of the Lenjan 
plain was particularly important for carpet weaving and in 1974 all 
three villages were occupied with carpet weaving; Zefreh had 1 00 
frames, Sanlavan, 50 and Bagh-e-Kuhmeh, 60. Although Zefreh had the 
highest population, its facilities were inferior to the other two 
villages. The northern part of the Lenj an plain was unimportant for 
rice cultivation compared with the area in the south-west. None of 
these three villages had a rice mill in 1974 and at only Sanlavan was 
rice grown, in 1966, in an area of 20ha [*]. 
7.~.413 Falvardjan Plain 
The settlement pattern of the Falvardjan plain is clearly related to 
water availabli ty. Figures 7. 2, 7. 3 and 7. 4 suggest that the zone 
bordering the Zayandeh Rud was densely populated in 1966 and 1974 and 
Figure 7.9 shows that it contains several large settlements 
including Falvardjan, Kelishad, Suderjan, Denan, Valashan, Yazdabad 
and Dorcheh Piaz. In the past, the environmental conditions of this 
area, particularly its abundant surface and ground water resources, 
favoured hydro-agricultural development and high densities of 
,population. In common with the areas upstream, initial developments 
were mainly along the sides of the river until the inauguration of 
the madi system. The proximity of the expanding city of Fsfahan may 
have stimulated agriculture in this zone and the gradual development 
of numerous roads and tracks. Settlements such as Dorcheh Piaz and 
Yazdabad may have benefited from their positions on the main routes 
between Esfahan and the western parts of the region. Falvardjan may 
have flourished as a bridging point of the Zayandeh Rud. vlhereas in 
1977 the riverine-irrigated area of the Falvardjan plain contained 
numerous settlements encircled by complex patterns of intensively 
cropped fields and strips of land, the peripheral area to the west 
contained greater fallow areas and fewer, less prosperous 
settlements. The present settlement pattern of the western area 
suggests that, in the past, water scarcity restricted agricultural 
developnent and associated increases of population. The location and 
growth of certain settlements, such as Kushk and Shirvedan, were 
[*] In 1974, the areas of irrigated land in ~e-Kuhmeh, 176ha, and 
1n Sanlavan, 199ha, were mucn larger than in Zefreh, 72ha. :Each of 
these villap;es grew cucurbit ana. non-cucurbit vegetables, and 
irrigated wneat. At Sanlavan, 5ha. of vines were grown, no doubt on 
the well-drained, gravelly soils surrounding the v1llage. Each of 
these villages accommodated limited numbers of livestocR. 
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determined by the extent of the madi network and of villages like 
Ashgarabad and Qadherijan, by the exploitation of qanats. In 
contrast to the riverine-irrigated area to the east, 
hydro-agricultural development was probably hindered by lack of 
capital and labour for further qanat excavation. Assuming that in 
the past the madi-irrigated areas to the west of Esfaban were far 
more productive than the other areas of the region, the peripheral 
western zone of the Falvardjan plain would then have generally 
constituted an area of subsistence agriculture supplying little 
produce to Fsfahan. 
In 1977, the villages and small towns of the river area of the 
Falvardjan plain were deriving adequate amounts of riverine water for 
their agricultural needs from madi channels and for their domestic 
needs from shallow wells. In 1974, Shirvedan and Zazeran in the 
western part of the madi-irrigated zone had 10 and 2 such wells, 
respectively. The new hydraulic infrastructure, incorporating much 
of the existing madi system, was designed to increase the efficiency 
and quantity of water supply. The farmers in the riverine area were 
assured of irrigation water whereas many of the inhabitants of the 
western peripheral area faced severe supply difficulties. In 1977, 
the large qanats in the vicini ties of Kushk and Ashgarabad appeared 
to have become obsolete. In 1974, Kushk derived its domestic and 
agricultural water from an irrigation channel connected to the 
Zayandeh Rud and from 14 deep wells, and Ashgarabad derived all of 
its water from 23 deep wells. Over-pumping had depleted the aquifers 
.and consequently the qanats of this area. Ashgarabad which received 
no riverine irrigation water in 1974, had simpler crop rotations than 
Kushk. 
In 1977, the large settlements of the Falvardjan plain had 
accommodated considerable numbers of immigrants attracted by the 
employment opportunities of the Arya Mehr steel plant and the 
expanding urban areas of Esfahan and Homayoushahr. The good 
'"'ommunica.tions between the Falvarjan plain and Arya Mehr to the south 
and Esfahan to the north facilitated commuting. The population of 
Dorcheh Piaz in 1966 was 9,419 and of Falvardjan, 5,710 (14) but by 
1972, these had increased dramatically, by 44% and 53% respectively 
(15). The population of Qadherijan increased from 9,884 in 1966 (16) 
by 41 % ( 17) to 1 3, 936 in 1972. The populations of Dinan and V alashan 
were comparable in 1966, comprising 1 , 948 and 1, 748 inhabitants, 
respectively, but between 1966 and 1 97 4, they changed in markedly 
different ways. Between 1966 and 1974, the households of Dinan rose 
from 402 to 1 ,200 whereas in Valashan, they decreased from 386 to 
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370. Eoth Kushk and Ashgarabad are situated approximately 6km to the 
east of Naj afabad. In 1977, Kushk was a much larger settlement than 
Ashgarabad. In 1966, its population was 3,747 and since the numbers 
of households increased between 1966 and 1974 from 800 to 900, its 
population probably increased also. In 1966, Ashgarabad had a 
population of 1,505 but between 1966 and 1974, the number of 
households increased more markedly from 322 to 600. Considering the 
locations of Kushk and Ashgarabad, it seems likely that the 
population increases in these villages, apart from natural increases, 
were related to the expansion of Homayounshahr and Esfahan rather 
than to the opportunities offered by the Arya Mehr steel plant. 
The comprehensive network of tracks and roads connecting the 
:Falvardjan plain with Esfahan accentuated the dominance of the city 
and restricted the range of retail outlets and services offered by 
the settlements of the area. In 1966, th~ facilities of Falvardjan 
were superior to those of the larger settlement of Dorcheh Piaz [*]. 
The utilisation of a. slaughter-house at both Kelishad and Suderjan 
indicated the importance of the Falvardjan plain for livestock 
husbandry. In 1977, Kelishad and Suderjan contained several mosques, 
flour-mills, grocery shops, bakeries and butcher's shops but neither 
village was supplied with electricity or piped water. These two 
large, essentially farming communities had none of the petrol 
stations, medical centres, parks or playgrounds, associated with 
large urban areas (20). The facilities of Kushk were superior to 
those of Ashgarabad in 1974. In accordance with its higher 
. population, Zazeran had more facilities than Shirvedan in 1974. 
7.2.414 South-Western Part Of The Esfahan Plain 
---- -----
Although the south-western part of the Esfahan plain received less 
water from the Zayandeh Rud than the Ochian, l€njan and Falvardjan 
plains upstream, the creation of comprehensive S,Ystems of madis and 
qanats ensured comparable developnent of irrigated agriculture and 
settlement. It seems likely the expanding role of this area as a 
supply zone for Esfahan and Homayounshahr stimulated the 
establishment and sustained growth of settlements; the formation of 
increasingly complex patchworks of fields and strips; the ever 
increasing usage of labour and capital on new qanats and irrigation 
channels; and the enlargement of the infrastructure of communications 
f*l Falyardjan h~d a~i~d water system, 2 generators providing 
t70kw ~kilowatts) or electricity, a library, 5 mosques, 4 public 
, bath-houses1 .a hos:pitt, a clinic, a pharmacy, 2 doctor's surgeries and a morwary ~ 18 . Dorcheh Piaz controned a petrol station, a 
children's library, 1 mosques, 3 ~ublic bath-houses, a mo~tu~ry, and 
an electricity supply, but no pipea water system, in 1966 ~ 19J. 
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[*]. Figures 7.2 and 7.3 show that in the south-western, 
madi-irrigated part of the Esfahan plain in 1966 and 1974, many grid 
(:!quare areas contained more than 125 households. Figure 7. 4 
indicates that the grid square areas having the greatest 
concentrations of population in 1966 corresponded with those having 
many households in 1966 and 1974. 
~ 1977, many of the settlements of the south-western part of 
the Fsfahan plain, particularly those situated on important road 
links, had accommodated considerable numbers of people attracted by 
the opportunities of Esfahan, Hom~ounshahr and the Arya Mehr steel 
plant. Figure 7. 9 shows that Renan is situated 2km west of Fsfahan 
and 5km east of Hom~ounshahr and is connected to them by metalled 
roads. In 1966, the population of Renan was 11,797 (21) but the 
subsequent influx of numerous immigrants caused rapid development and 
expansion of residential housing on the eastern and western borders 
of the town. According to a member of the Esfahan Regional Water 
Authority, the numerous commuters from Renan to Esfahan and to 
Homayounshahr continued to increase. Although Esfahan and 
Hom~ounshahr dominated the area between them in 1977, Renan had a 
wide range of commercial facilities [**]. A comparison of the number 
uf households quoted in the Village Gazetteer of 1 966 and the 
Agricultural Survey of 1974, respectively, shows a considerable 
increase in the populations of the villages of Aderyan, Harestan, 
Dastjerd-e-Qaddadeh, Deh Now, Dombeh, and Juabad, between 1966 and 
1974, in common with those of similar size in the Falvardjan, Ienjan 
and Ochian plains. In Juabad, which had a population of 1 , 234 in 
1966 , the number of households increased by 75% between 1966 and 
[ *] In 197 4, ESfahan and Hom&ounshahr were providing profitable 
markets for the fresh fruit and vegetables grown in the south-western 
madi-irrigated areas of the ESfahaii vlain. The zone of extensive 
orchards lying between Najafabad ana Esfahan~ containeq the vill§ges 
of Dam beh , Harestan, Juab ad and Ad eryap see l''igurn. 9) • In 1~Jt>6 , 
70ha of orchards were recorded at Dombeh and in 1 '"' a similar area 
of orchards was observed as rectangular strips eas or the villm· 
The extensive hectarage of orcliards, observed at Ader.yan in 1 , 
comprised ~rt of the almost continuous orchard belt encirc±iug 
Homa.younshabr. At Harestan the orchards, amountil',lg to 1 OOha in 1:Jbb ~ 
had declined to only a few hectares immediately north of the 
settlement by 1 g77. In 1966, Juabad had 30ha o:r orchards and in 
1977, several small_9rchards were noted to the east and west of the 
village. In 1~Jt>6 OOha of orchards were recorded at 
Dastjerd-e-Qaddaden Which was situated within the orchard belt 
surrounding Hom~ounshahr. Deh Now~ich is situated north of these 
villages had no orchards in either 1 6 or 1974. In 1977, extensive 
orchards surrounded the villages of ranchi~ Jaran, Karmmabi, Ladan~ 
Azadan, Kaladan Kelichen, Jurtan and Nasraban. The 1974 Agricul turru 
Survey statistics ap~ar to be inaccurate concerniQg the 
fruit-growing character1stics of the six large villages in the 
south-western part of the Esfahan plain and include none of the 
~rc~rds at AderJB!l, Harestan, Juabad and Dombeh. **J The commerc1al facilities in Renan included butcher's shops akeries, general stores1 _6hoe-makers, jewellery and gold shops, and metal-worki:ryg shops. In 19b6, Renan contained a piped water ~tern~ 
a children's liorary, a park, a graveY?rd, a mortuary, a clinic, ) 
<]actor's surgeries, 2 pharmacies, a slaughter-house ana 50 mosques (22). 
194 
1974. Figure 7.9 indicates that this village is connected by a 
metalled road, approximately 4km long to Andoran, the south-eastern 
suburb of Homayounshahr. In 1966, the population of Dombeh was 1 ~727 
but the number of its households increased by 33% between 1966 and 
1974. Figure 7.9 shows that Dombeh is connected to the southern 
Esfahan suburb of Julfa by a metalled road. Aderyan and Harestan are 
both situated approximately 3km south-east of Homayounshahr and to 
.the north of the wide, metalled road that connects Esfahan with 
Najafabad. Harestan is connected both to this road and to 
Homayounshahr by a road that passes through Homayounshahr and joins 
the Esfahan-Naj afabad route. In 1977 ~ Ad eryan was more inaccessible. 
An uneven, dirt roan joined this large village to the 
Homayounshahr-Harestan roan. In 1966, Aderyan had a population of 
2 ~54 9 and Harestan, of 2, 01 5, and between 1 966 and 1 97 4, the numbers 
of households in these two villages increased by 44% and 32%, 
respectively. Dastj erd-e-Quaddeh, situated approximately 4km to the 
east of Homayounshahr, had developed on the linear borders of the 
~etalled road which extended north-eastwards from this large town. 
Between 1966 and 1974, the number of households in Dastjerd-e-Qaddeh 
increased by over 45%. Deh Now, the largest of the six settlements, 
had a population of 3,522 in 1966 but the number of households had 
increased by 2efo by 1974. This small town is situated 8km to the 
north-east of Homayounshahr. 
Fach of these six settlements was acquiring water from the 
Zayand eh Rud in 1 977. In Dombeh, two short supply channels led 
directly from the river. In addition, according to the Agricultural 
Survey of 1974, ground water was available from 14 shallow wells and 
from a spring which was probably situated on the south-western border 
of the village with the Kuh-e-Dombeh outlier. In 1977, the villages 
of Juabad, Adeyan and Harestan were all being supplied by the same 
madi. 
7.~.42 Zone Of Moderate Population Density 
Figure 7.6 shows that the Kararedj and Baraan plains comprised the 
zone of moderate population density. Madi-irrigated agriculture 
characterised the area of the Kararedj plain (illustrated by Figure 
7. 10) around Khorasgan, a large town situated approximately 6km to 
the east of Fsfahan, and the narrow river valley between the Shah Kuh 
and Gavart mountains. That well-watered area was generally fertile 
and contained extensive areas of lush gardens and productive 
orchards. Figures 7.2 and 7.3 illustrate the precedence of the 
madi-irrigated zone, where the numbers of households associated with 
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1 g-{4. Figure 7.9 indicates that this village is connected by a 
metalled road, approximately 4km long to Andoran, the south-eastern 
suburb of Homayounshahr. In 1966, the population of Dombeh was 1 , 727 
but the number of its households increased by 33% between 1966 and 
1974. Figure 7.9 shows that Dombeh is connected to the southern 
Esfahan suburb of Julfa by a metalled road. Aderyan and Harestan are 
both situated approximately 3km south-east of Homayounshahr and to 
.. the north of the wide, metalled road that connects Esfahan with 
Najafabad. Harestan is connected both to this road and to 
Homayounshahr by a road that passes through Homayounshahr and joins 
the Esfahan-Naj afabad route. In 1 g-{7, Ad eryan was more inaccessible. 
An uneven, dirt roan joined this large village to the 
Homayounshahr-Harestan road. In 1966, Aderyan had a population of 
2, 54 9 and Harestan, of 2, 01 5, and between 1966 and 1 97 4, the numbers 
of households in these two villages increased by 44% and 32%, 
respectively. Dastjerd-e-Quaddeh, situated approximately 4km to the 
east of Homayounshahr, had developed on the linear borders of the 
=etalled road which extended north-eastwards from this large town. 
Between 1966 and 1 g-{4, the number of households in Dastjerd-e-Qaddeh 
increased by over 45%. Deh Now, the largest of the six settlements, 
had a population of 3, 522 in 1966 but the number of households had 
increased by 2fJ/, by 197 4. This small town is situated 8km to the 
north-east of Homayounshahr. 
Each of these six settlements was acquiring water from the 
Zayandeh Rud in 1977. In Dombeh, two short supply channels led 
directly from the river. In addition, according to the Agricultural 
Survey of 1974, ground water was available from 14 shallow wells and 
from a spring which was probably situated on the south-western border 
of the village with the Kuh-e-Dombeh outlier. In 1977, the villages 
of Juabad, Adeyan and Harestan were all being supplied by the same 
madi. 
7.~.42 Zone Of Moderate Popu1ation Density 
Figure 7.6 shows that the Kararedj and Baraan plains comprised the 
zone of moderate population density. Madi-irrigated agriculture 
characterised the area of the Kararedj plain (illustrated by Figure 
7 .10) around Khorasgan, a large town situated approximately 6km to 
the east of Fsfahan, and the narrow river valley between the Shah Kuh 
and Gavart mountains. That well-watered area was generally fertile 
and contained extensive areas of lush gardens and productive 
orchards. Figures 7.2 and 7.3 illustrate the precedence of the 
madi-irrigated zone, where the numbers of households associated with 
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the data points generally increased between 1966 and 1974, over the 
northern and eastern parts of the Kararedj plain, where they 
generally decreased and where 2 grid square areas which contained 
households in 1966 had none by 1974. Figures 7.2, 7.3 and 7.4 
show, however, that the madi-irrigated area of the Kararedj plain was 
not as densely populated as the madi-irrigated zones of those plains 
west of Esfahan. 
Figure 7. 1 0 shows that Khorasgan is the only large settlement 
situated in the Kararedj plain. Although developnent of populous 
settlements was perhaps inhibited by the dominating influence of 
Khorasgan and Esfahan, the past inadequacy of riverine irrigation 
water for the Kararedj plain, compared with that to the west of 
Esfahan, seems a more likely reason [ *]. 
Figures 7.2 and 7.3 show that several grid square areas in the 
Baraan plain had more than 125 households in 1966 and 1974 and 
comparison discloses that in several grid squares in the eastern part 
of the area, the number of households had increased between 1966 and 
1974. The Baraan plain received less riverine water than any other 
area adjoining the Zayandeh Rud upstream. Although many other 
villages in the Baraan plain received water from madis, the ground 
water from numerous semi-deep and shallow wells was the main source 
of supply. Perhaps because of the general shortage of good quality 
water, no large settlements had developed in the area. 
7.~.43 Areas Of Low Population Density 
Figure 7.6 shows the low density population zone of the Esfahan 
region. The present population patterns of the areas bordering the 
madi-irrigated zone suggest that, historically, large-scale 
hydro-agriculture occurred later in these parts of the Esfahan 
region. Initially, the remoteness of the southern area of the Ochian 
region, the Najafabad plain, the northern and central areas of the 
Esfahan plain from the Zayandeh Rud discouraged settlement. The 
introduction of qanat technology probably increased rather than 
reduced the water supply advantages of the riverine-irrigated areas 
because qanats were first excavated in areas with the requisite 
capital and man-power. More extensive agriculture irrigated by 
extensions of the region's qanat network may have been a response to 
either increases of the rural population, shortages of farmland near 
[ *] In 1966 , Khorasgan which had a population of 11 , 894, contained 24 
mosques, 5 theatres for religious plays, a cl1n1c, 4 doctor's 
surgeries, 2 pharmacies, a park, a playground, a -petrol station 
.• enning various grades of fuel~ a p1ped water 8YStem ana 3 generators 
with a Clitffi{itj of 700kw OI electricity, of"which only 400kw were 
then used ~2'3 • Bv 1977, a sla1,1ghter-house and a wide range of 
retailing out ets had been established. 
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the Zayandeh Rud or the increasing amounts of food required by the 
expanding urban area of Esfahan. Development probably occurred 
~ainly around the existing scatter of small settlements, previously 
dependent on pastoral farming and wells for their domestic water 
requirements. The high walls that still surround the villages were 
probably essential security measures in the past to repel marauders 
intent on pillaging these centres of prosperity. The distances 
between these villages and the more densely populated areas may have 
accentuated the need for defence. 
1·~-431 Southern Area Of The Ochian Region 
The area to the south of the Ochian river valley was generally less 
. densely populated and had fewer large settlements than the area 
bordering the Zayandeh Rud. Environmentally, the area is less 
amenable than the river valley because of its sloping topography, 
infertile gravel expanses and dependence on ground water resources. 
Its settlements and agricultural land are confined within small 
pockets of irrigable soils. The relative remoteness of the southern 
area of the Ochian region from Esfahan may have discouraged its 
developnent as a zone supplying the city. In 1977, most of the 
settlements relied on water supplied by qanats and these seemed 
essential to the existence of communi ties. In 1 CJ77, the southern 
area of the Ochian region was unaffected by the increasing 
immigration into the river valley. 
The agricultural lands of Charmalin (see Figure 7. 7) consisted 
of fertile alluvial soils extending to the west, south and east of 
the village. A strip of alluvium stretched north from Charmalin to 
the Zayandeh Rud valley. In 1966, Charmalin, of population 3, 150, 
was the largest settlement in the southern part of the Ochian region. 
In 1977, it was deriving its water from a qanat, approximately 4km 
long. Its western agricultural lands were being supplied, by three 
shorter qanats, with ground water fran an aquifer situated beneath 
the gravels above the village. The gravel expanses surrounding the 
agricultural lands of Charmalin were unsuitable for productive 
agriculture and satellite farming communities were few. Charmalin 
had fewer amenities than the larger and more densely populated 
settlements of the river plain [*]. In 1966, Charmalin's 
slaughter-house demonstrated the local interest in livestock 
husbandry. In 1974, Hasanabad-e-Bidkhan was the only large village, 
situated beyond the main river plain area of the Ochian region, to 
[*] In 1966, Charmalin contained a mosque, 2 bakeries, 3 butcher's 
shops, 19 retailers, an elementary school, one veterinary surgery, a 
motor-cycle repair shop and 2 flour mills. 
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receive riverine irrigation water and this was supplied by a primary 
canal dug into a narrow cove of alluvium extending from the main 
river valley. In 1977, the numerous qanats surrounding this village 
had fallen into disrepair and the village was deriving its ground 
water from 7 semi-deep wells. Figure 7.7 shows that 
Hasanabad-e-Bidkhan is situated 5km due south of Varnamkhast and 1 Okm 
south-west of Mobarakeh within an area of infertile gravels. It was 
connected to the river plain by an uneven, dirt road. In 1966, it 
had a population of 1,142 living in 243 households. As there were 
302 households by 1974, it is safe to assume a slight increase in 
population during this period. From a comparison of the 1974 
Agricultural Survey and the 1966 Village Gazetteer data sets, it 
seems that between 1966 and 1974, a clinic, 2 flour-mills, 2 
retailers and a public bath-house were established in the village but 
that the village elementary school and bake~ closed. The areas of 
irrigated, cultivated and fallow land surrounding the villages 
situated in the southern part of the Ochian region, tended to be more 
extensive than those of the villages of the river plain area. 
Qamishlu, situated 40km due south of Mobarakeh (see Figure 7.7) in a 
gravel area, was surrounded on its western, eastern and southern 
sides by the limestone mountains of the Osin range. In 1977, 3 
qanats supplied the water for domestic and agricultural purposes. In 
1 966, its population was 1 , 204. The Village Gazetteer and 
Agricultural Survey data sets indicated that Qamishlu had 323 
households in 1966 and 303 in 1974, and possibly similar populations 
in the two years. 
Qamishlu was connected to Qambovan (see Figure 7.7) by a dirt 
road, approximately 18km long and running north-east across a large 
gravel expanse. Qambovan is situated on the large gravel fan that 
geomorphologically dominates the eastern area of the Ochian region, 
south of the Zayandeh Rud. The agricultural land of this village 
consisted of part of the alluvium that covered the centre of the 
gravel fans. In 1966, Qambovan had a population of 1 , 7CJJ. The 
Village Gazetteer and Agricultural Survey data sets specify 393 
households in 1966 and 500 in 1974, a. considerable increase in 
population. In 1974, domestic and agricultural water was supplied by 
8 qanats and 1 semi-deep well. Qambovan is connected by a metalled 
road (see Figure 7 .5) that joins Esfahan with Shah Reza, a large 
town situated approximately 50km to the south-east. The village of 
Pudeh, also situated on this road, is approximately 5km south of 
Qambovan. In 1966 , Pud eh had a population of 1 , 623 and 339 
households. As there were 300 households in 1974, the population of 
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this large farming communi~ had remained fairly constant during this 
time. In common with most other settlements in the southern area of 
the Ochian region, Pudeh relied on both ganats and wells for ground 
water provision in 1974. At that time, there were 8 qanats and 6 
shallow wells. Like Hasanabad-e-Bidkhan, Pudeh had no mosques in 
1974. In 1966, Pudeh contained a multitude of commercial and 
non-commercial facilities [*]. 
1·~·432 Deh Sorkh Depression And The Mab.yar Plain 
Figures 7.2, 7.3 and 7.4 indicate that the area comprising the 
south-eastern part of the Lenjan plain and the northern part of the 
Mahyar plain was less densely populated than the predominantly 
madi-irrigated area. The only grid square containing more than 125 
households in 1966 and 1974 and more than 625 people in 1966, in this 
area, included the large village of Deh Sorkh (see Figure 8.15). 
Generally, this area was less productive than the madi-irrigated area 
because of the expanses of saline, infertile soils. Figures 7.2, 
7.3 and 7.4 indicate that the sparse population of the northern 
part of the Mahyar plain was concentrated on the fertile, alluvial 
.lands of the eastern and western districts rather than on the 
infertile, gravelly and saline soils in the west and north. The mean 
number of households associated with the 32 data points situated in 
the Mahyar plain was only 5. 0 in 1 966 and 7. 3 in 197 4. The average 
population at these points was 34.3 in 1966. The total number of 
households was 161 in 1966 and 233 in 1974 and the population at all 
~ata points in the Mahyar plain was 1,097 in 1966. These values were 
rriuch lower than those pertaining to the data points situated in the 
generally more fertile and better watered area of the Lenjan plain. 
The mean values of the households at these points were 70.8 in 1966 
and 83.8 in 1974 so that the total numbers of householders at the 98 
points were 6,940 in 1966 and 8,212 in 1974. The mean value of 342.2 
in 1966 for the population at these points was also considerably 
higher. The total population at the 98 Lenjan plain data points was 
therefore 33,535 in 1966. 
Although the farming communities of the Deh Sorkh depression and 
the northern agricultural area of the Mahyar plain were dependent on 
ground water for their domestic and agricultural needs, the large 
settlement of Deh Sorkh itself derived all its water from the 
[*] In 1966, Pudeh contained a barber's shop a clinic, 2 
store-houses, one motor-cycle repair shop, 3 ta1ior's shops, 3 
shoe-shorn, a carpentry shop and a metal-working shop, and 9 general 
stores. PUdeh also containea 150 carpet weaving frames. Comparison 
of the Village Gazetteer and Agricultural Survey data sets inoicated 
that between r%6 and 1974 the vill~e bakery- closed, 8 public 
bath-houses and a flour miil were built and 3 elementary schools were 
established. 
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Zayandeh Rud by means of a primary canal. This village is situated 
on the south-eastern border of the Lenjan plain, and on the main 
Esfahan - Shah Reza route, and it is separated from an extensive area 
of saline soils to the north by a strip of alluvium approximately 3km 
wide. The population of Deh Sorkh was 1,022 in 1966. Considering 
that the number of households in Deh Sorkh increased from 205 to 280 
between 1966 and 1974, the population must have increased also. 
Comparison of the Village Gazetteer and Agricultural Survey data sets 
showed an increase in facilities between 1966 and 1974. 
7.~.433 Najafabad Plain 
In 1977, all the settlements of the Najafabad plain were dependent on 
exploiting the good quality underground water and most relied on 
water supplied by qanats. Many of the qanats, however, transporting 
water eastwards across the plain were excavated to provide 
supplementary water to the riverine irrigated areas of the Fsfahan 
and Falavardjan plains. This diversion of water from the Najafabad 
plain may have retarded hydro-agricultural develop:nent. The present 
..Landscape of the Najafabad plain, particularly the area east of 
Najafabad, is dominated by orchards rather than the highly 
productive, irrigated cultivation of the river areas. The villages 
of the Najafabad plain (see Figure 7.11) were concentrated in the 
northern and south-eastern parts and in the Morghab valley which 
stretched north-westwards from Najafabad. Figure 7.11 shows that 
there were few villages to the south and east of Najafabad but 
several large settlements situated on the eastern and southern 
borders of this plain. The patterns of Figures 7.2 and 7.3 
illustrate this distribution and several grid squares of this area 
had more than 125 households in 1966 and 1 97 4. Comparison of Figures 
7.2 and 7.3 with Figure 7.4 indicates that the grid squares which 
had more than 625 inhabitants in 1966 were generally the same as 
those containing more than 125 households in 1966 and 1974. The grid 
squares with high densities of population generally contained large 
settlements. A large new town, Arya Shahr (see Figure 5.17), 
consisting of large, angular concrete buildings was being built to 
the east of the Arya Mehr steel works to accommodate its workers. A 
large hotel for visitors to the plant was also under construction. 
The idea of building a town solely occupied by steel workers and 
their families was opposed by many influential Esfahanis (24). The 
high walls of Qal'eh Shah and Qal'eh Sefid (see Figure 7.11) were 
typical of those that surround many villages in the areas of the 
Esfahan region beyond the riverine irrigated zone. The population of 
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Qal 1 eh Shah and Qal 1 eh Sefid almost certainly increased between 1 966, 
when there were 1,986 and 1,868 residents, respectively, and 1974, 
since the number of households increased between 1966 and 1974 from 
369 to 500 and from 324 to 540, respectively. The eastern area of 
the Najafabad plain was riddled with qanat tunnels but many had 
ceased to fUnction because of ground water recessions due to 
over-pumping. In 1974, Qal 1 eh Shah obtained water from a qanat and 3 
semi-deep wells and Qal 1 eh Sefid from a qanat, 54 semi-deep wells and 
a madi. Carpet weaving was a traditional rural industry of the 
Najafabad plain and in 1974, there were 250 frames in Qal 1 eh Shah and 
200 in Qal 1 eh-ye-Sefid. The agricultural areas of the larger 
.villages situated in the eastern part of the Najafabad plain tended 
to be more extensive than those in the confined Morghab valley. 
There were 1 ,400ha at Qal 1 eh Shah and 1,157 at Qal 1 eh Sefid in 1974. 
Figure 7.11 shows that the village of Juzdan is situated on the 
border of the Najafabad plain with the Kuh-e-Panji mountains, 
approximately 8km south of Najafabad and is connected to it by a 
straight, metalled road. In 1974, domestic and agricultural water 
was acquired from 3 qanats and 6 semi-deep wells. In 1966, Juzdan 
had a population of 2,308 and since the number of households 
increased from 429 to 667 between 1966 and 1974, the population must 
have increased also. In 1977, Juzdan was becoming a part of the 
steel town of Arya Shahr. Figure 7.11 shows that the villages of 
Arran, Esfidvajan and Varposht are all situated in the Morghab valley 
to the north-west of Najafabarl. Arran and Esfidvajan are close 
together and are connected to the urban centre of Tiran by a dirt 
track approximately 4km long. Varposht is approximately 1 Okm to the 
north-west of Tiran, to which it is connected by a dirt road. In 
1966, the populations of Arran, Esfidvajan and Varposht were 2,234 
(25), 1,336 and 2,208, respectively. The rise in numbers of 
households between 1966 and 1974 was indicative of population 
increases in all three villages during that period. Qanats supplied 
most of the domestic and agricultural water in the Morghab valley. 
Figure 7.11 shows that Tiran is situated approximately 20km to 
the north-west of Najafabad in the Morghab valley and that the two 
urban centres are connected by metalled roads. The northern part of 
Tiran is situated on the gravel expanses that borders the Morghab 
valley and the rest of it and its agricultural lands on alluvial 
soils. 
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7.2.434 Northern And Central Areas Of The Esfahan Plain 
--- - --
Figures 7.2, 7.3 and 7.4 show that in 1966 and 1974, the northern 
and central parts of the Esfahan plain were the areas of lowest 
,population density in the Esfahan region. In the past, the 
\ 
developnent of irrigated agriculture and settlement would have been 
severely impeded by the remoteness of these areas from the Zayandeh 
Rud, the inaccessibilty of the ground water resources and the 
extensive areas of Saline-Alluvial and Solonchak soils. Attempts to 
enhance the fertility of these areas included the excavation of 
qanats to divert underground water from the Murcheh Khort valley to 
.the north and, recently, the drilling of deep wells to supply the 
small areas of irrigable land. In 1977, expanses of fallow land 
around the scattered rural settlements indicated the severe 
constraints of pedology and water supply. It is unlikely that the 
northern and central areas of the Esfahan plain have ever rivalled 
the madi-irrigated zones to the south-west and south-east as supply 
zones for the city of Esfahan. Figures 7.2, 7.3 and 7.4 show that 
;population in 1966 and 1974 was mainly confined to the irrigable 
areas north of Esfahan and along the northern periphery. In the zone 
north of the city there were three large communities, Dastjerd, Gaz, 
and Dowlatabad. Dastjerd had a population of 2,095 in 1966 (26). It 
is situated approximately 1 Olan due north of Esfahan, to which it is 
connected by the main Esfahan-Tehran road. Approximately 4lan due 
west of Dastjerd, is the much larger settlement of Gaz. In 1977, its 
water for domestic and agricultural needs came from deep wells. In 
1966, the population was 7 ,2fJ7 (27). The small town of Dowlatabad, 
approximately 2km east of Dastj erd, had a population of 6, 44 7 in 
1966. Dowlatabad had a higher population than Dastjerd but fewer 
facilities in 1966 (28). In the 1960s and 1970s, the northern and 
central parts of the Esfahan plain were not subject to much 
immigration and the populations of the large villages remained fairly 
static. Eetween 1966 and 1974, only in the village of Deligan, south 
of Dastjerd, was the rise in the number of households appreciable, 
namely 50%; in 1966, its population was 1,367. In the village of 
Katayusheh, midway between Dastjerd and Deligan, the number of 
households actually fell between 1966 and 1974 and probably the 
initial population figure of 1 , 200 fell too. 
7.2.435 Rudasht Plain 
---
In 1972, the population of the Rudasht plain was approximately 15,000 
(29). Figures 7.2, 7.3, and 7.4 show generally low densities of 
.Population in the area in 1966 and 1974. The climate was harsh and 
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areas of infertile, saline soils were extensive. The villages 
received only a little poor quality water from the madi system and 
relied on numerous shallow wells for their domestic and agricultural 
.needs. The introduction of the Tomar 350 years ago did not entirely 
eliminate the spatial disparities of water supply and the advantage 
of the farmers to the west of Esfahan. The range of crops in the 
Rudasht plain was smaller than in other areas and the yields were 
lower than those obtained upstream. Much agricultural land was left 
fallow. In 1 CJ77, several farms and hamlets had been abandoned, 
exemplifying some depopulation. 
The Rudasht plain and the small agricultural areas to the north 
and south contained few large settlements. Varzaneh is situated in 
the eastern part of the Rudasht plain near the Zayandeh Rud. The 
population in 1966 was 4, 660 (30) • Ezhych is situated approximately 
12km to the west of Varzaneh immediately to the south of the Zayandeh 
Rud. In 1966, its population was 1,596. The village of Sagzi is 
situated within a small area of cultivated land approximately 8km to 
the north of the main Rudasht plain. The population of Sagzi was 
1,277 in 1966 but between 1966 and 1974, the number of households 
increased from 271 to 350, suggesting a rise in population during 
that period. The villages situated to the north of the Rudasht plain 
relied on ground water exploitation, especially from subterranean 
. 
aquifers of the area and the alluvial fans associated with the Kohrud 
mountains to the north. In 1974, the water for Sagzi came from a 
shallow well, a deep well and a qanat, and most was used for 
.. irrigating 45ha of agricultural land. Sagzi was essentially an 
agricultural community and few specialist craftsmen were in evidence 
. in 1 966 and 1 CJ7 4 • 
7. 3 URBAN AREAS OF THE ESFARAN RID ION 
-- --
1·l·l Najafabad 
Najafabad is situated to the south of the Shah Kuh mountains that 
form the northern border of the Najafabad plain. Najafabad is 
approximately 30km to the west of Esfahan and the two large towns are 
connected by a metalled road which continues westwards through the 
Morghab valley. In 1966, Najafabad was the third largest town in the 
Esfahan region with a population of 43,884 (31). The large areas of 
new housing around it in 1977 indicated that its population had 
increased considerably. Its piped-water system distributed water 
obtained from 18 deep wells. In 1966, 2,500kw of electricity were 
supplied to the occupants of the town. Najafabad served as a centre 
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for the surrounding plain and the villages of the Morghab valley. In 
1966, it maintained 14 mosques, 8 theatres for religious plays, 2 
parks, a playground, 2 libraries, a children's library and 14 public 
bath-houses. Najafabad was the local centre for medical treatment, 
sport and entertainment; there were in 1966, 10 doctor's surgeries 
and a cinema with seating for 500 (32). In 1977, it contained a wide 
range of retail outlets and much residential development was in 
progress, no doubt in response to inflows of immigrant workers as 
well as the natural growth in population. 
1·l·~ Homgyounshahr 
Homayounshahr developed on a gravel expanse bordering the Shah Kuh 
~ountains. It is situated approximately 15km to the north-west of 
Esfahan and near the boundary which divides the Falvardjan plain from 
the Fsfahan plain. Homayounshahr was the second largest town in the 
Fsfahan region, with a population of 46,836 in 1966 (33). The 
population of Homayounshahr increased annually between 1966 and 1 972 
by 5%, 3% being the increase from natural growth and 2% from 
immigrant workers (and their families) • Although only 2% increases 
in both Homayounshahr and Fsfahan represented the immigrants, these 
two towns received almost 82% of the 100,000 people settling in the 
, region during this period. During the 1960s, 35% of the agricultural 
land of Homayounshahr was absorbed by urban increase. In 1972, the 
population of Homayounshahr was about 63,000 (34). In 1977, in the 
town and neighbourhood, large new residential developments, a 
multitude of bakeries, shoe-making and repair shops, metal-working 
shops, and carpentry shops were observed. There were also several 
small hotels, tea-shops, dry-cleaning shops, a photocopying shop, and 
~everal small establishments selling taped Iranian and Western music. 
In 1977, there were systems for supplying electricity and the 
piped-water which issued from several deep wells. Extensive orchards 
around Homayounshahr, the deep and semi-deep wells providing the 
irrigation water for crop cultivation, and several different qanats 
west of the town were seen in 1977. In 1966, Homayounshahr contained 
10 petrol stations offering several grades of fuel, a library, a 
children's library, a park, a stadium, a large slaughter-house, 4 
mortuaries and 6 graveyards. It also had a hospital, 3 clinics, 3 
doctor's surgeries, 5 pharmacies, and 3 vaccination clinics. The 
traditional Iranian houses did not contain baths but public 
bath-houses were found in most towns and villages in the Fsfahan 
region. Many Iranians washed before praying at their local mosques. 
In 1966, there were 40 bath-houses and 94 mosques in Homayounshahr 
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(35). 
l·l·l Esfahan 
Other researchers including Brown, Clark and Noorbaksh-Khiabani (36), 
have investigated the complex geographical patterns of Esfahan. The 
future population of the city, its facilities, its dominance and its 
expansion and consequent threat to agricultural areas are the aspects 
reviewed in the following discussion. 
l·l·~ Popu1ation 
The First, Second and Third National Censuses of Iran indicated the 
dramatic rise in population of Esfahan between 1956 and 1976. In 
1956, the population of Esfahan was 254, 708 and by 1966, it had 
increased by 169,335. In 1976, the population had risen to 671,825, 
i.e., 247,780 more than in 1966 and 417,117 more than in 1956. 
Between 1956 and 1 976, the population of Fsfahan increased by a mean 
annual rate of approximately 5.0% (37). The rate of natural 
population increase meanwhile was approximately 3% per annum because 
of the decreasing rate of mortality, particularly infant mortality. 
This decline was undoubtedly related to rising standards of hygiene 
and to the introduction of health programmes and well-equipped 
medical facilities in the city. In 1966, there were 18 hospitals, 27 
clinics, 242 doctor's surgeries, 59 pharmacies and 8 vaccination 
clinics in Esfahan (38). According to Noorbaksh-Khiabani, the wide 
base of the age-sex pyramid for Fsfahan showed how infant mortality 
had declined but the high birth rate was maintained. Traditionally, 
Iranians had large families to safeguard against the high incidence 
of infant mortality and to ensure support of ageing parents. The 
birth rate remained high despite improving living standards and a 
diminishing infant mortality rate. Attempts to reduce the birth rate 
by contraception were thwarted by social movements, religious 
attitudes, suspicion and ignorance of the concepts and techniques 
involved (39). Immigration accounted for about 1.5% of the rise in 
population of Esfahan between 1 956 and 1 976. Previously, there had 
been an exodus of workers to the industrial centres such as Abadan 
and Tehran. The people started to return or move into the city as 
new factories and workshops were introduced, industries were 
developed and the city services sector began to grow. The employment 
,statistics for 1956-66 show that, eventually, the labour supply 
exceeded the demand. Referring to the two sample censuses, 
undertaken in 1964 and 1967, Noorbaksh-Khiabani states that "the 
highest percentage of migrants belonged to the age group 35-44, 
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followed by the age group 25-34 in second position and 45-54 in 
third. In 1967, the 8f!e group 25-34 had the highest percentage of 
migrants and was followed by the age group 35-44 but the 15-19 age 
group, only a 5 year group, accounted for a high percentage of the 
migrants" ( 40) . In both 1964 and 1 967, most migrants to Esfahan were 
from the 15-54 age group. Precise information concerning the or1g1ns 
of the immigrants was not collected during either the 1956 or 1966 
National Census of Iran. According to Noorbaksh-Khiabani in 1956, 
the number of migrants who were born in the 'regions not close to 
Isfahan' was 2.4 times bigger than those who were born in the 
'regions close to Isfahan'. The 1967 sample survey data set, 
however, included extra details of the birth places of migrants. 
Noorbaksh-Khiabani discovered that "the highest percentage of 
migrants into Isfahan reported their homes as being one of the nearby 
cities in Isfahan province" (41). Many people migrated because of 
drought and unemployment from the large towns of Ardestran, Nain and 
Shahreza. Noorbakhsh-Khiabain' s analysis of the 1967 data revealed 
that the Central Province of Iran, to the north of the province of 
Esfahan, was the second most important area of origin of people 
migrating to the city. This author stated that "it was probable that 
the zones of the central province nearest to Isfahan have the most 
,effect; cities like Mahalat, Tafresh, Kashan, Savehaud and Qom. 
Further towards the southern zones, Fars province has the highest 
proportion of migrants moving towards Isfahan city. Once again the 
areas closest, like Abadeh, probably provide most of the migrants for 
Isfahan. Khuzestan province may be regarded as the fourth most 
important zone. Gilan and Kermanshah province have the lowest 
migratory rate to Isfahan" (42). Most immigrants were attracted by 
opportunities of better jobs, higher wages and enhanced standards of 
living. The influx of migrants affected the sex ratio of the city: 
in 1956 there were 104.9 males per 100 females, in 1966, 107.3 
males per 100 females, and in 1976, 112.3 males to every 100 
females. These statistics infer that the migrants during that period 
were mainly men, many of whom had left their families at home. A 
large proportion of these migrants who were successful in finding 
employment were subsequently joined by their families (43). 
7.3.32 Facilities 
Esfahan exerts the most powerful urban dominance over the Fsfahan 
region, the secondary urban centres of Homayounshahr and Najafabad 
having much less influence. To western eyes, Esfahan is perhaps the 
most fascinating and truly Persian of all Iranian cities. Its many 
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attractions to tourists include the beauty of its location against a 
back-cloth of mountains, its glorious historical buildings, 
well-tended formal gardens and the bazaars. It acts as a focus for 
almost all the activities in the region. 
In 1966, it contained 70% of the urban population of the region 
(44). It supported more religious institutions than any other town 
in the area; these were 184 mosques, 5 churches, and 72 theatres for 
religious plays. In 1966, it contained 11 two-star hotels, 10 
three-star hotels and 3 four-star hotels and also 39 lodging houses 
(45). 
city. 
:!?€tween 1966 and 1 m' several new hotels were built 
In 1977, its educational facilities included 
in the 
numerous 
elementary, secondary, and technical schools, and a school organised 
by the British Council for the teaching of English. The University 
of Esfahan was established in the southern periphery of the city, on 
the gravel fans around the Shah mountains. The University campus 
accommodated several faculty buildings, libraries, lecture theatres, 
and dormitories, as well as a large training hospital which was still 
being developed in 1977. The University has been closed since 1978, 
however, owing to the political strife affecting the nation. Fsfahan 
had assumed authority for the administrative, judicial, health and 
commercial functions of the region by 1977. Government offices and 
organisations were situated there, including the offices of the 
:EBfahan Regional Water Authority and the Iranian Iron and Steel 
Corporation, numerous courts, the police headquarters as well as many 
large banks and several private credit organisations. As the 
region's prime centre for sport and entertainment, 3 stadiums with a 
capacity of 8,(X)() had been constructed by 1977; the largest one, 
beside the Chahar Bagh (four gardens) belonged to the city's football 
club. Iranians were ardent film-enthusiasts and long queues were 
frequently seen at the city's many cinemas. In 1966, there were 12 
cinemas with seating for 8,210 and 2 small theatres with 700 seats 
(46). 
In 1977, the prodigious range of retail outlets in :EBfahan was 
indicative of its population, wealth and regional importance. As the 
Shah's programme of modernisation and westernization of Iran was 
still in progress, many goods for sale were from Europe, America and 
Japan, including domestic appliances, furniture, food, watches, 
stereo-equipment, cameras, televisions, and photo-copying machines. 
Several large American-style supermarkets were in business, 
principally for the Americans employed at the Bell Helicopter factory 
in the eastern part of Esfahan. The enormous, covered bazaars in the 
city, some in the eastern part, were crammed with all kinds of 
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products including beaten and engraved silver, brass and copper, 
ivory miniatures, carpets, home-made perfume, herbs, spices, and 
delicious con:fectionery, including a local type of nougat called 
' gM' , to antiques, books and real estate. In several streets, west 
of the city centre, were specialists in motor-vehicle parts. 
Improvements to the city's road system, necessitated by increasing 
.olumes of traffic, were underway. In 1966, the only year in which 
records were kept, there were 3,887 taxis and 110 buses in the city 
(47). The increase in cars in Esfahan between 1966 and 1977 was 
outstanding. In 1977, there were many petrol stations selling 
' super' and ' ordinary' petrol, diesel fuel and paraffin. In common 
with other large Iranian towns, the comprehensive automatic telephone 
system installed had become completely over-burdened. Esfahan's 
electricity supply had also become over-taxed and, despite the power 
.provided by the Shah Abbas Kabir Dam and 17 large generators, power 
shortages were frequent in 1977. 
7 ·l· 33 Dominance Of Esfahan 
7.3.331 Rural Implications 
In the early 1970s, the Sogreah Consulting Engineers were concerned 
that the predominance of Esfahan would inhibit the development of the 
region in general, even those areas influenced by the large towns of 
Homayounshahr and Najafabad (48). From the preceding population 
analysis of the rural areas of the Esfahan region, it seemed that the 
large villages and small towns were almost exclusively concerned with 
providing usually limited services. Many rural residents found it 
more convenient to travel direct to Esfahan than to a local centre. 
Inhabitants of the southern part of the Lenjan plain were able to 
travel more quickly to Esfahan than to Falvardjan. Esfahan had less 
influence in the Ochian region. The secondary town of Riz was of 
more significance locally than, for example, Falvardjan or Dorcheh 
Piaz. Riz grew in spite of the influence of Esfahan, with the 
development of the Arya Mehr Steel works. On the other hand, 
Mobarakeh was so easily accessible by metalled road to Esfahan, that 
it became a mere satellite of the city. 
The services provided by Fsfahan to the rural areas were 
infinitely superior to those provided by the centres situated within 
them. They were, however, essentially intended for an urban society 
with a high standard of living and seemed out of character with rural 
attitudes and mentalities. Consequently, rural centres were not as 
advanced as they might have been. The Sogreah Consulting Engineers 
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believed that the success of their agricultural plans depended mainly 
on the raising of food prices; commercialisation of agricultural food 
production; organisation of professional agriculturalists; promotion 
of technical and economic innovations and health protection. They 
thought, however, that progress in the eastern part of the Esfahan 
region would be hindered by both the scatter of the population and 
its subjection to Esfahan's metropolitan influence. The pilot scheme 
of the Ministry of Cooperatives and Rural Affairs to centralize 
collective equipnent for rural areas was introduced at Esfahan but, 
according to the Sogreah Consultants, it failed (49). 
7.~.332 Shahrak Policy 
An entirely separate project was the Shahrak Policy, initiated in 
1974, to organise centres or 'zones of attraction' each with a 
population of 8,000 to 10,000 and a comprehensive range of services, 
like a self-sufficient town. The idea was to dissuade people from 
concentrating their 
to modern standards. 
officers were to 
activities on Esfahan and to improve rural life 
Each Shahrak was to have 6 components. Its 
advise on agriculture and management techniques. 
Each Shahrak was to contain a co-operative, a bank agency, a 
post-office and a police station. The commercial centre was to house 
shops and a supermarket for the co-operative; a mosque; an 
educational centre, including elementary schools for boys and girls 
and a technical school; a sports centre; a health and maternity 
centre; and a pharmacy. other Sha.hrak services included public baths 
for men and women, a slaughter-house, a mortuary, public gardens with 
flower-beds, piped-water systems and supplies of electricity. 
Asphalt roads and pavements were intended to impart an urban 
appearance to the Shahraks. In order to ensure the success of the 
plans, the facilities in the satellite villages of the Shahraks were 
to be restricted to piped-water and electricity systems, public baths 
and primary schools. In 1977, two Shahraks at Ziar and Khonsarak 
were begun. According to the Sogreah Consulting Engineers, the 
Ministry of Co-operatives and Rural Affairs had estimated a cost of 
40 million rials for each complete Shahrak, including 1 million rials 
for two primary schools and a technical school; 3 million rials for a 
pharmacy; 4 million rials for the electricity and piped-water 
systems; and 30 million rials for the other facilities and equipment, 
which were not however specified (50). 
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7. 4 FUTURE POPULATION INCREASES AND AREAL EXPANSIONS OF THE URBAN 
AREAS 
There have been several, different estimations of the future 
population of Esfahan. The Sogreah Consulting Engineers calculated 
the increase at a mean annual rate of approximately 3.6% between 
1 975 and 2000, based on separate estimates of the mean annual rates 
by natural increase and immigration. These consultants believed that 
the population of Esfahan was approximately 620,000 in 1975 (51) and 
predicted 1,500,000 inhabitants for the year 2000 (52). This 
prediction was lower than the forecasts prepared by the Plan and 
Budget Organisation, Tehran, assisted by their consultants the 
Population Council of Princeton, New Jersey, early in the 1970s. 
These forecasts were originally intended for the year 1995 but were 
extrapolated in order to estimate the national population for the 
year 2005. The extrapolated growth rate was based on a prediction of 
0.28% decline for the growth rate during each of the five year 
periods after 1996. This was equal to the decline of the growth rate 
projected by the Plan and Budget Organisation for the period between 
1991 and 1996. This organisation believed that during this period, 
the birth rate would fall at a rate of 0.4% and the mortality rate 
at approximately 0.14% (53). The Plan and Budget Organisation 
evaluated that the population of Iran would be approximately 69 
million in 2005, 72% being urban dwellers. The urban population was 
calculated to be approximately 49,600,000 in 2005. The population of 
Esfahan was predicted to be approximately 2,450,000 at that time 
(54). 
The Bureau of Water Planning, Tehran, discovered that in 1976, 
it was official policy to restrict the urban population of the city 
of :E.Sfahan and its environs to 2. 6 million inhabitants. Assuming 
that centralization would continue in the locale of Esfahan, the 
Bureau adopted this target in planning water resources for the 
region. Using the 1956-1966 intercensus growth rate of 4.5% for the 
urban population, they believed that this figure would be reached in 
1999. The Bureau considered that, since the 1956-1966 intercensus 
period occurred prior to the opening of the Arya Mehr Steel Works, 
the annual growth rate was too low. It was construed that as the 
steelworks expanded and the associated industries were established, 
immigration and consequently the rate of urban population growth 
would increase. B,y selecting a higher rate of 5.5%, they calculated 
that the population ceiling would be reached six years earlier, in 
1993. This latter rate was consistent with the Plan Organisation 
forecasts for the 1972-1977 period. The preliminary results of the 
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1976 census indicated that the 1966-1976 intercensus growth rate for 
Esfahan was 4. 7%, a. lower figure than that of 5.2% for the 
1956-1966 intercensus period (55). The 1976 census statistics for 
the smaller urban areas in the vicinity of Esfaha.n have not been 
released. It was certain, however, that the rate of urban population 
growth in the region was less than that anticipated by the Bureau of 
Water Planning and by the Plan and Budget Organisation in the 
compilation of its 1971-1 977 forecasts. The Bureau evidently 
under-estimated the period between the opening of the steelworks and 
the establishment of its associated industries. The Plan and Budget 
Organisation prediction that the population of Esfahan would be 
720,000 in 1977 was probably an over-estimation (56). Using the 
1966-1 976 intercensus rate of 4. 7% per annum, its population would 
have been 703,401. Using the 1956-1976 rate of 4-97% per annum, the 
population of Esfahan would have been 705,215 in 1977. These 
statistics suggest that the population of Esfahan and its surrounding 
urban satellites will reach the target population of 2.6 million 
around the year 2000. These figures relate, however, to the 
pre-Khomeini period when economic development was being vigorously 
encouraged. The present period is characterised by religious rather 
than economic fervour. Perhaps the uncertainty and the economic 
stagnation that has followed the revolution will inhibit urban 
population growth. The annual rate of increase predicted by the 
Sogreah Consulting Engineers may indeed be more appropriate for the 
forthcoming decades that those of the Plan and Budget Organisation 
and the Bureau of Water Planning. 
In the early 1970s, the Sogreah Consulting Engineers became 
increasingly aware that future development of the agricultural 
.economy of the Esfahan region would be severely constrained if the 
rise in urban populations and expansion of urban areas continued at 
their present rate. Esfaha.n continued to expand. In 1977, the 
agricultural areas of Dombeh and Dastjerd to the south of the 
Zayandeh Rud to the west of Esfahan, were in danger of becoming urban 
extensions of the city. Predictions of the population of Esfahan 
indicated that it may soon encompass the settlements of Khorasgan and 
Renan (57). The Bureau of Water Planning considered the urban 
population of the Esfahan region as a single entity (58). The Plan 
and Budget Organisation and their American consultants undertook more 
detailed analysis and supplemented their forecast of the population 
of Esfahan in 2005 with predictions of the future populations of the 
small urban centres in the region (59). According to the Sogreah 
Consulting Engineers, Khorasgan' s population of between 17,000 and 
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18, CfXJ in 1 975 had increased at a rate varying from 4. CJf, to 5 • 5% 
per annum 
, predicted 
since 1966 ( 60) • The Plan and Budget Organisation 
a population in Khorasgan of 77 ,CXJJ by the year 2005 (61). 
In 1977, much agricultural land surrounding Khorasgan was being 
bought by Fsfahanis for residential purposes. It was still less than 
half the price in the city but evidently had increased in value. 
Land near the village of Ardaj i, to the north of Khorasgan, was being 
sold for 600,000 rials/ha and at Kan Gaz, immediately to the west of 
this community, for 1 ,CXJJ,CXJJ rials/ha. Residential areas were being 
built in bands along the Esfahan-Khorasgan road and it was sug_gested 
that eventually Esfahan would be connected to an eastern conurbation 
consisting of Khorasgan and its satellite villages of Buzan, Puzveh, 
Ardaji, Trangaz and many other small villages situated to the east of 
Esfahan. The Plan and Budget Organisation considered that the 
population of Renan would increase to 33,CXJJ by 2005 (62) and that 
the urban expansion envisaged between Renan and Esfahan would 
,.eventually absorb Earyan, Javan, Sohranchi, Sudan, Kondelan, 
Karmarbin and other small villages there. In 1977, this area, famous 
for its orchards, was protected against urban expansion by government 
policy. Urban expansion between Khorasgan and Fsfahan seemed to be 
continuing, however, in spite of this policy. The Sogreah Consulting 
Engineers inferred that an area of urban expansion between Fsfahan 
, and Renan could eventually join a similar area around Homayounshahr; 
and showed that, between 1 966 and 1 975, the population of 
Homayounshahr had risen sharply and 35% of the town' s agricultural 
land had been developed into residential areas. The Sogreah 
Consultants felt also that if plans for a new university near 
Homayounshahr were implemented, more valuable agricultural land would 
.be lost. These plans may have been abandoned now under the present 
regime. The Plan and Budget Organisation anticipated a population in 
Homayounshahr of 242,000 by 2005 (63). If its future expansion is as 
rapid as between 1966 and 1975, the villages of Adeyan, Barestan, 
Dastjerd-e-Qaddadeh, Juabad, and Fsfari may be absorbed soon, 
especially as local government control weakens. It seems inevitable 
that expanding built-up areas will squeeze out the agricultural land 
between villages. In 1977, newly built bands of shops and houses 
were evident beside the main roads. Much residential development was 
expected around Naj afabad which grew rapidly between 1966 and 1 975; 
the Plan and Budget Organisation forecast a population there of 
224,000 in 2005, i.e., a mean annual rate of increase of 4.3% per 
annum, one similar to that of Homayounshahr ( 64) • The town of Arya 
Shahr was created to provide accommodation for the workers of the 
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Arya Mehr steel workers. A metalled road , connecting Arya Shahr to 
Esfahan, runs through Falvardjan. The Plan and Budget Organisation 
predicted that the population in Arya Shahr would reach 1 50,000 by 
2005 (65). According to the Sogreah Consulting Engineers, Falvardjan 
and its neighbouring settlements of Kelishad and Suderjan were free 
distinct entities in 1966. The influx of workers for the 
construction and operation of the Arya Mehr steel works and the 
eonsequent expansion of the urban territory had resulted in their 
merging by 1977. The Sogreah Consulting Engineers estimated that the 
populations of these settlements had doubled between 1966 and 1 975, 
and that if that rate of increase continued, a conurbation with a 
population of 50,000 would soon fonn (66). The Plan and Budget 
Organisation did not include Kelishad and Suderjan in their analysis 
but they predicted a population of 29,000 in Falvardjan by 2005 (67). 
The Sogreah Consulting Engineers estimated that the population of 
Qadherijian was approximately 14,000 in 1975 and expected it to rise 
at a rate similar to that of Falvardjan or Homayounshahr (68). The 
Plan and Budget Organisation and their consultants forecast 
_populations of 30,000 in each of Qadherij ian and Dorcheh Piaz by 2005 
\ ( 69) , the population of Qadherij ian increasing at a mean annual rate 
of 2. 9ff/, and of the smaller town Dorcheh Piaz, at 3. 1 fJ% per annum, 
between 1966 and 2005. 
The Sogreah Consulting Engineers were satisfied that expansion 
of other urban centres in the Esfahan region would not threaten the 
agricultural economy in terms of water resource and land utilisation, 
as seriously as those previously cited. The Plan and Budget 
Organisation and their Population Council Consultants evaluated that 
the populations of Mobarakeh, Hiz, and Varnamkhast would increase at 
mean annual rates of 3.CY%, 2.6% and 4.5% per annum, respectively, 
.. between 1966 and 2005. These figures suggest that Varnamkhast may 
attract roughly similar numbers of migrant workers as Riz but expand 
proportionately more than Riz, owing to its initially smaller 
population. It was supposed that the population of Mobarakeh, which 
was greater than that of Varnamkhast but much smaller than that of 
Riz, would increase at a rate slightly faster than that of Riz. ~ 
2005, populations of 22,000 in Mobarakeh, 28,000 in Varnamkhast and 
32,000 in Riz were predicted (70). The Plan and Budget Organisation 
and their Consultants forecast that the population of Tiran, which is 
situated in the confined Morghab valley and was independent of ground 
water, would increase at a mean rate of 1 . fJ% per year, and reach 
12, 000 by 2005 , approximately double the figure in 1966. They also 
realized that water deficiencies in the northern part of the Esfahan 
213 
plain could contribute to the stagnation of populations in Gaz and 
Dowlatabad between 1966 and 2005 (71 ) • In fact, they forecast a 
decline in the population of Gaz, at a mean annual rate of 0.4% 
during this period , to about 6000 in 2005, and in Dowlatabad at a 
similar rate to about 7000 by 2005. 
7.5 CONCLUSIONS 
The preceding analyses demonstrate how the rural distribution and 
density of population in the Fsfahan region have depended so much on 
local agricultural productivity and how this, in turn, has been 
related to the availablity and quality of the prevailing supply of 
irrigation water. The intensity of cultivation in the Ochian river 
valley, the I.enjan plain and the Falvardjan plain has always been 
able to support higher densities of population than the other rural 
areas of the Esfahan region because of the more favourable supplies 
of irrigation water. 
Large scale immigration and the consequent urban expansion will 
.be undoubtedly harmful to rural populations, agriculture and water 
resources. The encroachment of the region's urban areas will not 
only reduce the area of well-watered, productive agricultural land 
out will also threaten the balance between agricultural and urban 
water use: for the same area, urban use will require substantially 
more water than agriculture. In time, there may be insufficient 
water for both rural and urban communities and industries. The 
future problems of water supply are discussed in the next chapter. 
214 
CHAPTER EIGHT 
CURRENT AND FUTURE WATER BALANCE 
In Chapters 5, 6 and 7 the strong relationship between the rural 
patterns of population, water supply and agriculture in the Fsfahan 
region in 1966 and 1974 was underlined. It was also shown that water 
availability largely determines the intensity and productivity of 
cultivation, the range of crops grown, and the population density of 
an area. By 1977, the delicate balance between water availability 
and agriculture was being disturbed by encroaching industrial and 
urban developments. 
8.1 CURRENT WATER AVAILABILITY 
In Chapter 2, it was shown that, assuming an average annual inflow 
into the Shah Abbas reservoir of 1 ,3~cu.m/yr from the Zayandeh Rud 
and the Kuhrang I and II tunnels, an outflow of 1 ,230mcu.m/yr could 
be expected 90% of the time. This quantity was regarded by the 
Bureau of Water Planning as the dependable water supply. In 1977, 
however, the only available estimates of current water consumption 
were those assessed by the Sogreah Consulting Engineers in 1973. For 
comparison, therefore, Table 8.1 includes the dependable releases 
for 1973 and 1977. As the Kuhrang II tunnel was used for the first 
time in 1975, the 1973 flow comprised only the waters of the Zayandeh 
Rud and Kuhrang I. Table 8.1 shows that in 1973 the availability of 
water exceeded demand. This was still the situation in 1977. 
8.2 CURRENT v/ATER DEMAND 
Demand is considered as the amount of water required rather than that 
supplied. 
8.~·1 Current Agricultural Water Demands 
The Sogreah Consulting Engineers calculated that in 1973 there were 
72,000ha of irrigated land in the Esfahan region, comprising 58,000ha 
in their development zone, 6,500ha in the Ochian area and 7,500ha in 
the Rudasht plain. They believed that, in general, 20% of the water 
used in irrigating crops was lost by evapotranspiration and the rest 
recycled by ground water pumping. Table 8.1 shows that they 
estimated a total irrigation consumption of 760mcu.m in 1973; 
70mcu.m of water being consumed in the Ochian region, 630rncu.m in 
the development area, and 60mcu.m in the Rudasht plain (1 ). 
Table 8.1 OJRRENr AND P~ ~~ DEMAND AND AVATIABILI'IY 
===== ================== 
(All figures given I UlRRENI' I 
in millirn cubic +===+==+===+===+===+-
metres ~ year) I 1973 I 19771 1983 I 1993 1 20os 1 
l I l l l 
WATER SJPPLY I illS* 11230* I 1470* I 1470* 1 1470* I 
I 
AGRicuuruREI760(l>*l NVA ll042(2>*Il042(2)*l906(3)**1 
AFYA MEHR SIEEL PI.ANl' I 32* I UO* I 173* I 221 * I 
MILrmRY lNIIJSI'RYI U/C 79* I 79* I 40!** 
I 
OIHER INllJSI'RIES I 34* I N/A I 88* 142* I 
IXMEm'IC AND MJNICIPAL I 13* I N/A I 38* 63* I 87** I 
+---~----~----r-----+-----~ 
GREEN SPJICES I 6* I N/A I 32* 57* I 22** I 
~+===~1===++===+=====+1====+-+ 
~~DEMAND! 915 I -- I 1452* 1604* I 1417**1 
+=~~====~===+====*====+ (1) 72,000 ha of irrigated larrl 
(2) 93,000 ha of irri~ted larrl 
(3) ll6,500 ha of irngated larrl 
* So3reah Cornultii"B Eh:Jineers estimate 
** Bureau of water Plannii"B estimate 
N/A: l'ib estimate available 
U/C: Urrler o:nstru:::tirn 
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8.2.2 Current Industrial Water Demands 
Table 8.1 shows that the estimated total industrial water 
consumption was 66mcu.m in 1973. This estimate, which was based on 
supply contracts registered with the Esfahan Regional Water Authority 
(2), is probably inaccurate because in 1973 the industries of the 
city of Esfahan were being served by the municipal and domestic 
supply and the Arya Mehr iron and steel plant was the only major, 
independent industrial consumer of water. There seems to be little 
evidence to sug_gest that the estimate of 34mcu.m for other 
industrial consumption is valid. 
8. 2. 21 Small Industries In Esfahan 
In 1977, those industries using small amounts of water, such as the 
traditional crafts of engraving, silver working, mosaic and 
carpet-making, were served by the municipal water supply (3). After 
the Second World War, many new factories were built in Esfahan 
including those devoted to canning, fertiliser production, helicopter 
manufacture, milk pasteurisation, wood processing, weaving, cloth 
¥rinting, and beverage production. Of these industries, however, 
only milk pasteurisation and canning used much water and, according 
to the Esfahan City Water and Sewage Authority, these industrial 
demands were not large and could be met by the municipal supply 
system. In 1972, these factories were using only 5.1% of the 
municipal water supplies or nearly 132,COOcu.m/yr (4). 
~._£.22 ~ Mehr steel Works 
§._£.221 Economic Aspects 
By agreement with the Soviet Union in 1965, a gas pipeline and an 
iron and steel plant with an annual cap:tcity of 600,0CIJ tonnes were 
planned. The Soviet Union was to provide the finance and expertise 
for constructing both this plant and the pipe-line and, in return, 
was to receive through this same pipe-line a supply of natural gas 
from the central area of the Persian Gulf [ *]. The plant was needed 
to reduce the outflow of foreign exchange and to use available 
mineral resources (6). In the mid-70s, Iran's consumption of iron 
and steel was increasing at an annual rate of 17%-18%. Indeed in 
1977, Iran was one of the biggest importers of iron and steel in the 
[*] This plant was the second iron and steel works to be established 
1n Iran. Before the Second World War an iron and steel plant for 
.producing 1 OO,COO tonnes of steel annualiy was constructed by German 
contractors at Karaj, near Tehran. Through non-use during the war, 
the plant rusted and was eventually scrap-ped. Thereafter, the 
western powers refused t9 )sell an iron ana steel making plant to 
Iran, even on a cash basis ~5 • 
216 
world, its consumption being 4,250,000 tonnes/yr. 
8.2.222 Resource Supply 
Iran's mineral resources include two major iron ore fields. In 1977, 
iron ore containing 62%-63% iron was being extracted from the Bafq 
.... ield between Kerman and Esfahan. The Gol-e-Gahar deposit, mid-way 
between Kerman and Bandar Abbas, was another source of rich iron ore 
(7). Moreover, by another agreement, India permitted Iran to utilise 
iron ore from northern India for 20 years in exchange for iron and 
steel-making equipment (8). The site to the north of Mobarakeh, 35km 
to the west of Esfahan, was selected for the Russian iron and steel 
plant because of the good quality surface water, the industrial 
tradition of this area with its large pool of skilled workers, the 
availability of non-skilled workers from the densely populated 
western part of the Esfahan region and the building land itself, 
level and of little agricultural use. A railway was built first from 
the Bafq iron ore field to the steel works (g). In 1977, the Danish 
consultants Kamsac were engaged on building a rail way from Kerman to 
Bandar Abbas for transporting iron ore from Gol-e-Gahar to the coast 
for export. It was decided that this railway could carry some ore 
first to Kerman and thence to Esfahan ( 1 0) • The Arya Mehr plant of 
the National Iranian Iron and Steel Corporation (NISCO) was put into 
commission in 1969. ~ 1977, the first development phase, involving 
the annual production of 900,000 tonnes of medium structural 
sections, was almost completed. 
8.2.223 Water Use 
----
In 1977, precise information on water use in the iron and steel plant 
was not available. Iron ore was reduced, by means of coking coal in 
conventional blast furnaces, to iron. The water used for cooling 
equipment and the hot bars of metal being directed through the 
rolling mill and cleansing the gases circulating around the blast 
furnaces was pumped fran the Zayandeh Rud, freed from unwanted 
suspended materials by allowing it to settle in large pools and then 
pumped to storage pools at the plant. The waste water was collected 
and stored in large sedimentation pools. In 1977, no waste water was 
normally returned to the Zayandeh Rud. Evaporation in the cooling 
tower caused the high water loss but the possible alternatives of 
blowing air and refrigeration were rejected on the grounds of their 
high energy costs. Table 8.1 shows that the water consumption of 
the plant of 32mcu.m in 1973 had risen to 110mcu.m in 1977. 
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~·~·} Current Municipal And Domestic Water Demands 
Table 8.1 shows that in 1973 the Sogreah Consulting Engineers 
estimated the municipal and domestic water consumption, including the 
irrigation of green spaces and evaporation from water areas, to be 
19mcu.m/yr. The Esfahan City and Sewage Authority was supplying the 
mlmicipal needs of Esfahan, Homayounshahr, Khorasgan and Dowlatabad. 
Water consumption by individual properties in these towns was metered 
and in 1972, an estimated 34,600cu.m/day (or 12.7mcu.m/yr) were 
supplied. The municipal water was being delivered through a. network 
of 42,127 outlets: 37,033 in Fsfahan, 4,782 in Homayounshahr and 312 
in Khorasgan [*]. In 1972, it was estimated that 31.1% of the 
population had direct connections to the water supply; 15% were using 
stand-pipes; and the rest were drawing their water from wells (11 ). 
In 1972, demands made on the municipal water supply by large 
units were heavy: about 600,000cu.m/yr of water were being used by 
the municipal authorities for watering parks and cleaning and 
flushing public toilets. The officials of the Esfahan City Water and 
Sewage Authority estimated that in 1972, there were about 1 00 public 
bath houses in Esfahan, Homayounshahr , Khorasgan and Dowlatabad , of 
which 77 were using in total 9.6mcu.m/yr. In 1972 too, several 
institutes and government dep:u-tments were using large quantities of 
water; in cu.m/yr these were: Health Department 66,000; military 
installations 192,000; Masjed Shah Mosque 144,000; University of 
Esfahan 144,000; Shah Abbas Hotel 48,000; Amin Hospital 24,000 and 
Pahlavi Hospital 1 56 , 000 ( 1 2 ) • 
The water supply system included 4 Fehlmann wells, 120km of 
water distribution pipes, storage reservoirs of 120,000cu.m 
capacity, and a treatment plant. In 1971, only 2 of the wells were 
being employed and these yielded 600 1/s. The mean duration of 
pumping was about 16 hours per day ( 13). The supplies were being 
chlorinated to produce a final residue of 0.1ppm. Daily samples were 
being analysed at the Authority's laboratory and at the Ministry of 
Health. 
8.} PROJECTED WATER AVAILABILITY 
In Chapter 2 it was shown that, assuming an average annual inflow to 
the Shah Abbas reservoir of 1 ,630mcu.m/yr from the Zayandeh Rud, the 
Kuhrang I and Kuhrang II tunnels and the Marboran and Pazooft 
sources, a dependable release of 1,470mcu.m/yr (see Table 8.1) could 
I 
[*l In 1977, the charge per cubic metre for use by homes, mosgues, 
sc:6ools and hospitals was 7 rials and for public baths, 3 nals. 
Installation charges were based on the area of the :pro~rty. The 
water delivered to industrial establishments cost 50 r1als gu.m in 
addition to the cost of the equipment installed and a 2 ~ service 
eharge. 
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be expected. The Sogreah Consulting Engineers believed that the 
Marboran and Bazooft sources would be augmenting the water supply of 
the region before 1983. Table 8.1 shows, however, that by the early 
1990s the demand for water would be likely to exceed supply. 
8.4 PROJECTED WATER DEMANDS 
The projected agricultural and industrial water consumption data 
included in Table 8.1 and discussed below m~ be obsolete because it 
seems unlikely that, under the present leadership, the agricultural 
and industrial developments will actually proceed. As the population 
of Esfahan and its urban satellites increases, domestic water 
consumption will undoubtedly continue to rise but perhaps at a. lesser 
rate than forecast since the curtailment of industrial projects has 
reduced immigration. 
8.1·1 Projected Agricultural Water Demands 
By 1993, the Sogreah Consulting Engineers anticipated 94,000ha for 
agricultural purposes, 80,000ha in their development zone, 6,000ha in 
the Ochian region and 8,000ha in the Rudasht plain. Table 8.1 shows 
that the Sogreah Consulting Engineers predicted that the total annual 
water consumption would be 1040mcu.m: 890mcu.m in the development 
zone, 70mcu.m in the Ochian region and 80mcu.m in the Rudasht plain 
( 14). 
Table 8.1 gives the Bureau of Water Planning estimate of the 
.average annual water consumption for the year 2005 as approximately 
906mcu.m. Their estimate of 116,500ha for the area to be irrigated 
by the new network seems much larger than the target area planned by 
the Sogreah Consulting Engineers. Despite this discrepancy, the 
Bureau of Water Planning forecast was 134mcu.m lower than the 1993 
estimate of the Sogreah Consulting Engineers. The French consultants 
obviously believed that the average annual consumption per unit area 
would be appreciably greater than the Bureau of Water Planning 
estimate of 872mm/ha. 
8.4.2 Projected Industrial Water Demands 
~·1·~ ~ Mehr Iron And Steel Plant 
In 1977, a second development phase, mainly concerned with 
automation, was proposed for the Arya Mehr iron and steel plant. It 
was predicted that production could be increased to over 1 million 
tonnes/yr by 1981 and eventually, by extending the plant, to over 2 
million tonnes/yr (15). The water consumption of the plant was 
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expected to rise from 110mcu.m in 1977 to 172mcu.m in 1983 and to 
221mcu.m in 1993. The construction of a plant for treating 55mcu.m 
waste water per year and re-cycling it was planned in 1977 in order 
to reduce the riverine water required (16). 
8.4.22 Proposals For Another Steel Plant 
~-i-221 Economic And Production Aspects 
In 1977, a site south of the Zayandeh Rud and the Arya Mehr steel 
works was being levelled for the building of another iron and steel 
works by the National Iranian Steel Industries Corporation (NISIC), a 
Government organisation, under the advice and direction of 
consultants of the British Steel Corporation Overseas Division. In 
1973, Iran's sudden rise in oil-revenues coincided with the 
technological advance of Direct Reduction processes in steel-making 
(17). Iron ore was pulverised and reconstituted with coke dust as 
pellets, 2 to 3cm across. On treatment with natural gas, these 
pellets were changed to "spongy" iron, containing generally between 
90% and 94% of pure iron. This impure iron was then converted into 
steel in electric arc furnaces. This process required much natural 
gas but only a little coking coal so it was readily geared to Iran's 
resources ( 18) . At the Arya Mehr steel works, the Russians had 
overcome the shortage of good-quality coking coal by blending large 
quantities of imported fine-quality coking coal from Germany with 
poor-quality coking coal from Iran ( 1 9) • By 1977, the Brit ish Steel 
Corporation had provided the equipment for the NISIC Direct Reduction 
Steel Plan and the extension was planned of the pipeline transporting 
natural gas from the Persian Gulf to the Soviet Union (20). The 
national grid system was to supply the electricity for the arc 
furnaces. In 1977, it was anticipated that the initial annual 
production of 330,000 tonnes would rise rapidly to 1 ,200,000 tonnes 
annually and eventually would reach 7,000,000 tonnes annually (21). 
The new plant was intended to satisfy an increasing demand for medium 
structural sections such as girders and reinforcing beams. The 
processes were designed to be flexible enough for various quantities 
of these products to be manufactured ( 22) . 
8.4.222 Water Use 
Details of the proposals for water utilisation in the NISIC steel 
plant were collected from the consultants of the British Steel 
Overseas Division. The estimated water consumption for an annual 
yield of 1,200,000 tonnes of steel was 7.3mcu.m. Direct withdrawal 
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of water from the Zayandeh Rud was considered preferable to pumping 
ground water from the Fehlmann wells for several reasons, including 
the need for an extra 16% of ground water compared with river water 
to cover subsequent loss by the purification processes; the shallow 
depth of the overburden which prohibited substantial supplies of 
ground water; and the concentration of chemicals caused by the 
recycling and replenishing of a low-quality ground water and 
particularly by its evaporation in cooling towers. Tests showed that 
the ground water contained 2<;X)rng/l of alkaline salts, 130mg/l of 
sulphates and 20mg/l of suspended solids, whereas water from the 
Zayandeh Rud contained 1 50mg/l of alkaline salts, 130mg/l of 
sulphates and 120rng/l of suspended solids. It was ascertained that 
the capital cost of installing Fehlmann wells was little different 
from the cost of pumping water directly from the Zayandeh Rud. other 
decisive factors for using the Zayandeh Rud water were the costs of 
pumping the ground water from the wells and of its chemical 
treatment, and the problems of controlling the evaporative-cooling 
?ircuits in the steel plant with this type of ground water. Figure 
8.1 is a diagram of the water purification processes that were 
incorporated in a design for the treatment plant near the Zayandeh 
Rud so that three qualities of water, viz., general service water 
and domestic water for the steel works and potable water for 
Mobarakeh, could be produced. It was estimated that the fully 
operational NISIC steel plant would use 1 ,COOcu.m/hr of water, about 
7cu.m/tonne of steel produced. If the plant were to operate at 
maximum efficiency, 8.4mcu.m/yr would have been needed but with the 
efficiency expected , only 7. 3 mcu.m/yr. This estimate was 
considerably smaller than the 15mcu.m originally calculated in the 
plant design. The annual water consumption could be reduced to 
between 4mcu.m and 5mcu.m by replacing the evaporative cooling in 
eooling towers, as already adopted in the Arya Mehr steel works, by 
radiator cooling. Preliminary cost evaluations showed, however, that 
the construction of a radiator of a functional area of about 5,COO 
square metres for the high summer temperatures experienced, would 
have been too expensive. Some approximate estimates of the water 
consumption per hour in the pellet production process were as 
follows:- 50cu.m for cooling the indurating gate which hardens the 
pellets; 400cu.m for cooling from very high temperatures and for 
washing the gases containing high concentrations of carbon monoxide 
in the direct reduction of iron ore to iron; and 200cu.m for cooling 
. the shells and openings of the arc furnaces, the clamps of the 
electrodes and the oil used for cooling the transformers and 
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electrical systems of the plant. The schematic Figure 8.2 shows 
that the water system designed for the proposed continuous casting 
process of the NISIC steel works comprised both open and closed 
circuits. Water was to have been circulated within a high 
temperature sensitive, closed system for the cooling of:- the jackets 
on the casting moulds, in order to facilitate release of the metallic 
square billets and rectangular blooms produced; the heat-exchangers; 
. 
the closed tank; and the three casting machines. An emergency tank 
for providing water in cases of sudden supply shortages or failure, 
was to have been incorporated and the whole small system continually 
monitored by remote-control television. Figure 8.2 shows that water 
passing through the heat exchangers was to have been cooled by 
evaporation in a cooling tower. This small system was to have had a 
side stream filter for removing contaminating atmospheric material 
,and was to have been connected to a larger system comprising a 
cooling tower and a replenishing supply. Numerous water quality 
control devices would have ensured that water of high quality was 
available for spray cooling metals from ve~ high temperatures since 
contaminants tend to block the spray nozzle and downgrade the quality 
of the cooled metal. Abundant water was al.so to have been used in 
the rolling mills, which shape the billets into medium structural. 
sections, for cooling the rollers, the electric motors and their 
associated electric circuits. 
As designed, the NISIC steel plant would have had an 
insufficient water supply for the dilution of the effluents. 
Generally, these would have been waste ore residues of unpredictable 
quality. Any of doubtful nature were to have been diverted to a 
lagoon with an impermeable lining and the rest, including those from 
preceding treatment processes, would have been directed into a 
conventional lagoon. On the basis of a subsequent analysis of the 
composition of the two pools, an appropriate treatment plant was to 
have been designed for the by-products: oil effluents were to have 
been skimmed off and the chemicals neutralised (23). 
~.2.22 Projected Total. Industrial. Requirements 
Vast quantities of water would have been needed for the two complexes 
being built in 1 gn to the west of Esfahan. One, the National. 
' Iranian Oil Company Petroleum Refine~, which was planned to have an 
annual capacity of 10 million tonnes of oil, was expected to have an 
annual. water consumption of 73mcu.m and the other, an armaments 
factory, 79mcu.m. No water consumption was specified for a future 
plastics and synthetics plant to be associated with the petroleum 
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refinery. In 1977, the cement factory situated near Deh Sorkh was 
producing 219,000 tonnes annually but extensions to the factory were 
planned to raise this figure to 4,570,000 tonnes, when the annual 
water consumption would have been 13mcu.m of water. The disparity 
between the predicted consumptions of water by the NISIC and NISCO 
iron and steel works, respectively, suggests either gross 
inefficiency in water use or exaggeration of water consumption at the 
Arya Mehr works. In 1977, there were plans to build an electrical 
lighting factory; a concrete plaster and brick factory producing 
193,000 tonnes/yr; a machine tool factory producing 50,000 tonnes/yr; 
and an aluminium rolling plant producing 5,000 tonnes/yr (24). Table 
8.1 shows that the Sogreah Consulting Engineers stated that by 1993, 
the annual water consumption by the factories in the region would be 
442mcu.m at least: apart from 221mcu.m in the Arya Mehr Plant and 
79mcu.m in the armaments industry, 142mcu.m would be consumed by 
the new petroleum refine~, the NISIC works and the new factories 
just mentioned (25). Table 8.1 shows that the Bureau of Water 
Planning predicted that by the year 2005, the annual water 
consumption by these industries and the two steel plants would be 
.approximately 402mcu.m (26). 
~-4·2 Projected Municipal And Domestic Water Demands 
In Chapter 7, estimates of the future rural and urban populations of 
the Fsfahan region were discussed. The Bureau of Water Planning 
believed that the rural population would undoubtedly continue to 
receive water from those same sources which meet agricultural needs 
and that the future rural domestic water delive~ requirements would 
be insignificant compared with other water demands (27). 
The Fsfahan City and Sewage Authority believed that, as 
industrial Esfahan developed, the increasing demands for water would 
be accommodated within the expanding municipal water services. In 
1977, there were plans to bring another two wells of the water system 
into commission, thereby increasing the municipal water supply by goo 
1/s to 1 ,500 1/s. The Authority envisaged a rapid rise of water 
distribution outlets to 200,COO by 1991, and a water supply of 
50mcu.m/yr to meet a demand of 160 1/capita/d~ by 1991. In 1977, 
there were no plans for including any other urban areas in the 
Fsfahan region, all of which (Esfahan, Hom~ounshahr, Khorasgan and 
Dowlatabad) were using ground water only, in the system of municipal 
water supply. 
Table 8.1 shows that the Sogreah Consulting Engineers predicted 
that the domestic and municipal demand for water would increase to 
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38mcu.m in 1983 and to 63 mcu.m in 1993. The Sogreah Consulting 
Engineers estimated the 1993 figure on the basis of an urban 
population of 1 , 627, CfJO (Esfahan 1 , 203, ()(X)) and a mean individual 
consumption of 250 1/day. The Bureau of Water Planning, Tehran, 
predicted that by 2005, Esfahan and its surrounding suburban areas 
would need, 
requirement 
for a population of 2.6 
of 380 1/capita/d~. 
. 
million, a water delivery 
This prediction covered 
residential, public, commercial or light industrial uses and was 
based on a "low-side" United States municipal average on the 
assumption that eventually, the major urban areas of Iran would be on 
., a parallel with those of other modern, affluent societies. The 
experts at the Bureau of lfater Planning compared their predicted 
water delivery requirement of 380 1/capita/d~ with that in 
Melbourne, Australia of 390; in Pence, Puerto Rico, 340; in Iymir, 
Turkey, 300; in the United States, 480; and in the mountain states of 
the United states, 760. The average annual consumption of the 
forecasted delivery requirement was determined to be 24%, so that the 
total urban consumption of water was estimated to be about 87mcu.m/yr 
for 2005 (28) • A green belt of 3QCX)ha comprising 50% woodland and 
50% grass was proposed around Fsfahan. Table 8. 1 shows that the 
Sogreah Consulting Engineers estimated that the volume of water 
. needed for watering this and other green spaces would increase from 
32mcu.m in 1983 to 57mcu.m in 1993, compared with the Bureau of 
Water Planning estimate of 22mcu.m in 2005. 
8.4.4 Future Problems Of Water Allocation 
---
In 1977 it was assumed, from the evidence presented and the known 
developments of industry and of urbanisation in the Fsfahan region, 
that water consumption would continue to rise appreciably in the 
future. As much capital had been devoted to agricultural 
development, it seemed right that agriculture should have priority, 
in terms of water resources, over the new industries. Table 8.1 
shows that the Sogreah Consulting Engineers had forecasted in 1975 
that by 1993, in view of increases predicted for agricultural, 
domestic and industrial water consumption, the total annual water 
consumption would be more than 1,600mcu.m. They suggested that if 
increased water consumption continued unabated, not more than 85% of 
that needed in agriculture, probably 80% in 1993, would be available 
(29). Consultants of the International Bank for Reconstruction and 
Development believed that by 1985, industrial and urban consumption 
would have increased to 510mcu.m/yr of water and that 
agriculturalists would be able to use only 740mcu.m/yr, less water 
224 
than in 1972 o These consultants stated that the "present and future 
allocation of Esfahan's water resources between agriculture and other 
(urban and industrial) uses has become an issue for debate" o They 
asserted that "the region faces a planning problem that requires an 
urgent decision" and indicates that the "resolution of this planning 
conflict is being hampered by inadequate coordination between 
Government and other agencies operating in the region" (30). In 
1977, the Sogreah Consulting Engineers and the Esfahan Regional Water 
Authority suggested measures for inhibiting the progressive use of 
water by industry. These proposals included the strict control of 
ground and surface water use by industry; high charges for industrial 
water use in order to encourage recycling; a special penalty tax for 
industrial waste in proportion to the chemical content of the 
effluent; a comprehensive study of the various uses of water; and the 
formation of an administration to implement these recommendations 
(31 ) • 
It seems certain that since the Iranian Revolution and the 
curtailment of industrial and agricultural development in the region, 
an imminent water resource allocation crisis n~ longer confronts the 
inhabitants of the Esfahan region. Fewer immigrants are now being 
drawn to the region but the natural increase expected in the urban 
population could lead to such a crisis. A change in political 
direction leading to renewed agricultural and industrial development 
could worsen the position. 
8 • .2_ CONCIDSIONS 
In both developed and under-developed countries, environmental 
resources need to be organised so as to yield the most advantageous 
economic returns. Resources need to be allocated at local, regional, 
national and global levels in order to avoid regular or serious 
shortages. As the field work for this thesis was nearing completion 
and the demands for water by new industries, rising population and 
agricultural developnents in the Esfahan region were growing, the 
water situation was becoming critical. Policies for developing the 
economy of this area had failed to recognise that the supply of 
water, the most essential environmental resource, was indeed finite 
and its allocation needed careful programming. Over-centralised 
government control, at the expense of regional interest in local 
conditions, opinions and difficulties, may have been responsible. 
Since the 1960s environmental resource allocation problems have 
caused increasing public and academic concern. Many geographical 
concepts and techniques, particularly those concerned with the 
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spatial analysis of Man/Environment relationships, are of 
considerable value in the investigation of such problems. 
Geographical research on resource allocation in Third World countries 
is particularly challenging and problematic when data. on 
environmental resources and resource use are non-existent or 
inaccurate. 
This research shows how techniques of cartography and 
statistical analysis can be used to elucidate the environmental 
characteristics of an area; to assess the relationships between these 
patterns and those of economic development; to identify the principal 
.resource constraint, viz., water supply; and to determine the 
shortcomings and possible future consequences of certain policies. 
Computer maps of identical scale and format provide an effective way 
of identifying spatial relationships. The numerous computer maps 
presented show how the close association of water supply, agriculture 
and rural population density may be displayed in terms of local 
variation. 
Geographical research should give more explicit answers to the 
problems of environmental resource allocation in the Third World when 
more data are obtainable from surveys, censuses and remote sensing; 
when computer hardware and software are designed to increase speed 
and facilitate experimentation in cartographical analyses; and when 
the role of geographical research in assessing the implications of 
economic development in Third World countries is established. 
Unfortunately, political upheavals can upset the current 
relevance of such research. The Iranian Revolution, which started in 
1978, focussed attention on the people's rejection of Western ideas 
and technology which they believed had been thrust upon them without 
choice or personal benefit. The impact of the Revolution at local 
levels is difficult to ascertain but it is obvious that Iran's 
increasing population and finite oil reserves will make it imperative 
for development to continue. Because of the antipathy of the present 
regime to foreign influence, particularly to Western influence, it is 
difficult to see how economic development can follow the pattern 
planned in the 1970s in Iran. It is apparent that the people's 
concern for political freedom outweighs any anxiety about economic 
growth. Development must be designed not as a manifestation of 
despotism but with cognizance of the people's need and ultimate 
acceptance. It will be difficult to dissociate development in the 
future from the resentment generated by the totalitarian Pahlavi 
regime. It will be interesting to see whether agricultural 
development can continue in the Esfahan region. 
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APPENDIX I 
MAP INFORMATION SOURCE3 
The list below does not include those maps which were the results of 
the cartographical and statistical analyses described in Section 4.4, 
or those produced from fieldwork observations. 
illustrating tabulated data have also been omitted. 
Figure 2. 1 The Location Of The Fsfahan Region. 
The diagrams 
Adapted from:- ( 1 ) Ministry of Agriculture. Not dated: Location map 
of soil surveyed areas in Iran. (1: 4,000,000). Tehran: Soil 
Institute. (2) Ministry of Industry and Mines. 1976: Generalized 
fault map of Iran. (1: 5,000,000). Tehran: Geological Survey of 
Iran. 
Figure 2. 2 The Topography Of The Fsfahan Region. 
Adapted from:- Plan and Budget Organisation. Not dated: 3 untitled 
maps ( 1 : 250,000) • of the :EBfahan region and the areas to the west 
.and east. (In Farci). Tehran: National Cartographic Centre. 
Figure 2. 3 The Formation Of Iran. 
Transcribed from:- Booth, B. 1977: The making of Iran. Geographical 
Magazine, page 244. 
Figure 2. 4 The Geology Of The Central And Western Areas Of The 
Esfahan Region. 
Adapted from:- (1) Ministry of Industry and Mines. 1976: Geological 
map of Iran. ( 1 : 100,000) . Tehran: Geological Survey of Iran, sheet 
numbers 6254 (Riz), 6255 (Najafabad) and 6354 (Shahreza). (2) 
Sogreah Consulting Engineers. Not dated: Etudes hydrogeologiques: 
graviers du Zayandeh Rud. ( 1: 100,000). Esfaban. 
_Figure 2.5 Generalised Fault Map Of Iran. 
Transcribed from:- Ministry of Industry and Mines. 1976: Generalized 
fault map of Iran. (1: 5,000,000). Tehran: Geological Survey of 
Iran. 
Figure 2.7 The Gravels Deposited~ The Zayandeh Rud. 
Adapted from:- Sogreah Consulting Engineers. Not dated: Etudes 
hydrogeologiques: graviers du Zayandeh Rud. (1: 100,000). Esfahan. 
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Figure 2.8 The Soils Of The Esfaban Region. 
Adapted from:- Soil 
Agriculture, Plan 
Department. Irrigation Bongab, Ministry of 
Organisation/FAG. 1961: Soil map of Iran. 
(1:2,500,000) Tehran. 
Figure 2.20 Natural Zamankhan-Ahwaz Regression Function. 
Transcribed from:- Ministry of Energy. 1976: Special report on the 
water resources of Fsfahan. Tehran: Bureau of Water Planning, figure 
II.F-3 . 
.l:''igure 2. 21 Natural Pol-e-Zamankhan Discharge. 
Transcribed from:- Ministry of Energy. 1976: Special report on the 
water resources of Fsfahan. Tehran: Bureau of Water Planning, figure 
II.F-4. 
Figure 2.22 Inflow To Shah Abbas Reservoir. 
Transcribed from:- Ministry of Energy. 1976: Special report on the 
water resources of Fsfahan. Tehran: Bureau of Water Planning, figure 
II.F-5 • 
. Figure 2. 23 Outflow From The Shah Abbas Reservoir. 
Transcribed from:- Ministry of Energy. 1976: Special report on the 
water resources of Fsfahan. Tehran: Bureau of Water Planning, figure 
II .F-6. 
Figure 2.24 Water Table Levels In Spring 1974. Sogreah Consulting 
Engineers. Not dated: Etudes hydrologeologiques: carte 
piezometrique: automne 1974. (1: 100,000). Esfahan. 
Figure 2.25 Ground Water Quality Monitoring Locations. 
Figure 2.26 Conductivity Variations. 
Both adapted from:- Sogreah Consulting Engineers. Not dated: Etudes 
hydrologeologiques: carte de conductivite. (1: 100,000). Esfahan. 
Figure 5.2 Ministry Of Energy Water Administration Areas In 1978. 
Transcribed from:- Ministry of Energy 1976: National \'later Plan. map 
3. 1 • 
Figure 5.7 Qanats Of The Ochian Region. 
Adapted from:- Ministry of Industry and Mines. 1976: Geologica1 Map 
of Iran. ( 1 : 1 00,000) Tehran: Geological Survey of Iran, sheet 
number 6255 (Najafabad). 
Figure 5. 17 Nekuabad left :Bank System. 
Figure 5.18 Nekuabad Right Bank §ystem. 
Figure 5. 19 Abshar left funk §ystem. 
Figure 5.20 Abshar Right :Bank §ystem. 
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All adapted from cartographic information provided by the Sogreah 
Consulting Engineers . 
. Figure 7. 7 The Ochian Region. 
Adapted from:- Ministry of Industry and Mines. 1976: Geological map 
of Iran. (1 :100,000). Tehran: Geological Survey of Iran, sheet 
numbers 6254 (Riz) and 6354 (Shahreza). 
Figure 7. 9 The Area Between Ziar;pukan And Esfahan. 
Figure 7.10 Esfahan And The Areas To The East And South-East. 
Both adapted from:- ( 1 ) Plan and Budget Organisation. 1968: Esfahan 
area (1 :20,000). Tehran: National Cartographic Centre. (2) Sogreah 
Consulting Engineers. Not dated: Etudes hydrogeologiques: graviers 
du Zayandeh Rud. (1: 100,CXX)). Fsfahan. 
Figure 7. 11 The Naj afabad Plain. 
Adapted from:- Ministry of Industry and Mines. 1976: Geological map 
of Iran. (1: 100,000). Tehran: Geological Survey of Iran, sheet 
number 6354 (Najafabad). 
8.1 Water Treatment At The Proposed Steel Plant. 
8.2 Water Cooling §ystem At The Proposed steel Plant. 
Both adapted from sketches provided by the British Steel Overseas 
Division. 
APPENDIX II · 
THE CORRESPONDENCE BE'IWEEN THE IRANIAN AND PERSIAN 
- - ----
CALENDARS: 1350-1353 (1971/1972-1973/1975) 
+=============+===========================================+ 
1 : 135o : 1351 : 1352 : 1353 : 
I +-------------------------------------------+ 
1 Month !March 1971jMarch 1972jMarch 1973jMarc~ 19741 
! !Marc~01972!Marc~1973!Mar~ 1974!March0 1975! 
+-------------+----------+----------+----------+----------+ I I 1971 I 1972 I 1973 I 1974 I 
IFarvardin 1 IMarcn 211Marcn 21lMarcn 211March 211 
,Farvardin 31 ,April 20,April 20 1April 20,April 20, 
+-- • --- "I ·- --------+--------+---------+ jOrdibehest 1jApril 21jApril 21jApril 21jApril 211 
,Ordibehest 31 1May 21,May 21,May 21,May 21, 
+ ------+-------+-----+----------+ jKhordad 
3
1
1 
jMay 22jMay 22jMay 22jMay 221 
,Khordad ,June 21 1June 21,June 21,June 211 
+----- ------+---------+--------+----------+ 1,1 TT1~rr 1 jJune 22jJune 221June 22jJune 221 31 ,July 22,July 22,July 22,July 22, 
+------ I --- • - • I -------t--- 1- ------+ jAmordad 1 jJuly 23jJuly 23 1July 23jJuly 23j 
,Amordad 31 ,August 22,August 221August 221August 22, 
lshahrivar 1 jAugust21jAugust--23"jAug~;t--~g~;t"-2n 
,Shahrivar 31 ,Sept. 22,Sept. 22,Sept. 22,Sept. 22 1 
+--- ---+--------+--------+----------+ IMehr 
3
1 !Sept. 2~jSept. 21ISept. 211Sept. 211 
,Mehr 0 ,Oct. 22 10ct. 22 10ct. 22 10ct. 22 1 
+-------- ------+-------+----------+--------+ jAban 
3
1 IOct. 2~10ct. 2110ct. 21!0ct. ~11 
,Aban 0 1Nov. 21 1Nov. 21 1Nov. 21,Nov. .::::1, 
+------------~----------+----------+----------+----------+ jAzar 301 jNov. 22jNov. 221Nov. 221Nov. 221 ,Azar ,Dec. 21 1Dec. 21,Dec. 21,Dec. 21, 
+------------+---------+----------+----------+----------+ jOey 1 jDec. 221Dec. 22jDec. 22jDec. 221 
1 1 1972 1 1973 I 1974 I 1975 I 
,Dey 30 ,Jan. 20,Jan. 20,Jan. 20,Jan. 20, 
+- I -------+---------+----------+----------+ IBahman 1 I Jan. 211Jan. 21 jJan. 21 jJan. 21 j 
,Bahman 30 ,Feb. 19,Feb. 19,Feb. 191Feb. 19, +------- ---+----------+--------+----------+ jEsfand 291 IFeb. 20IFeb. 20IFeb. 20!Feb. 201 ,Esfand ,March 20 1March 20 1March 20,March 20, 
+-----------~-----·---~~----- --~-·----------+----------+ Table 2.22 gives the correspondence of the Iraniag8and Gregorian calendars between 129b-1347 : 1917-19 • 
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APPENDIX III 
DATA POINT NAMES AND CO-ORDINATES 
72 481 Aliabad-e-Karvan Column 1 =Data point identifier 
2 118 419 Morghab *Column 2=X axis co-ordinate 
3 134 425 Mil Tappeh *Column 3=Y axis co-ordinate 
4 133 415 Hasanabad-e-Abrizeh 
5 145 439 Varposht *See Figure 4.1 
6 144 41 0 Fazlabad 
7 157 431 Jaja 
8 1 65 4 30 Mohammadabad 
9 162 419 Arran 
10 166 416 Esfidvajan 
11 192 375 Qoreh Tappeh 
12 1 95 362 Khorramabad 
13 201 441 Darband 
14 203 393 Shariyar 
15 206 393 Shadun 
16 213 386 Qal' eh-ye-Ebrahim Khan 
17 214 382 Mahmudabad 
18 210 425 Ma' dan-e-Surmeh 
19 227 402 Qaemiyeh 
20 232 3~ Raj iabad 
21 235 400 Hajiabad 
22 240 415 Balamsheh 
23 240 385 Malekabad 
24 266 361 Jalalabad 
25 285 349 Aliabad 
26 291 339 Juzdan 
27 300 336 Lurk 
28 306 325 J annatabad 
29 306 325 Filur 
30 317 312 Soltanabad 
31 325 381 Qal'eh Shah 
32 322 368 Qal'eh Sefid 
33 1 04 282 Sham Khorram 
34 110 311 Sham Heydar 
35 111 275 Aliabad 
36 116 281 Sham Taq 
37 125 263 Elij 
38 125 253 Askarabad 
39 130 307 Qal 1 eh Sarband 
40 137 255 Qal 1 eh Darreh 
41 140 258 Shashrneh Goli 
42 1 4 5 260 Val Eo land 
4 3 1 46 231 Dowlatabad 
44 149 231 Roknabad 
45 149 291 Ashgarabad 
46 154 266 Darreh Sherki 
47 155 258 Aliabad 
48 160 300 Golnam-e-Shur 
49 437 464 Piri 
50 160 2f37 Amirabad-e-Olya 
51 160 283 Mohammadabad 
52 160 271 Darreh Anjiri 
53 1 60 270 Darreh Shahi 
54 160 264 Fathabad 
55 163 272 Parkestan 
56 166 275 Zard Khoshuiyeh 
57 169 292 Qal 1 eh Torki 
58 169 273 Aydogmesh 
59 161 251 Khoshiyeh 
60 165 225 Qal 1 eh Aqa 
61 177 302 Chaqagerd 
62 176 281 Haji Alvan 
63 176 271 Minu 
64 178 268 Qal 1 eh Seryal 
65 182 262 Kateh Shur 
66 185 258 Durak 
67 178 260 Saidabad 
68 179 258 Mirkan 
69 179 244 Karchegan 
70 182 255 Cham Taqi 
71 185 24 7 Homan 
72 176 229 Zirab 
73 191 253 Cham Pir 
7 4 1 95 252 Cham Kuchek 
75 192 283 Sadeqabad 
76 186 277 Chah Oaland er 
77 1 g) 273 Asadabad 
78 1 99 258 Dasht-e-Gol 
266 
79 207 248 Malekabad 
80 206 244 Dorobat 
81 21 2 240 Cham Ascman 
82 195 225 Abbasabad 
83 194 218 Chashmeh Maqsud 
84 195 190 Taqlijeh 
85 205 1 95 Shar ifabad 
86 203 1 93 Hardang 
87 206 304 Ahmadabad 
88 217 304 Tabas 
89 209 295 Qal' eh Ferdows 
90 212 274 Qal'eh Taqi 
91 220 237 Shurcheh 
92 214 212 Ganjabad 
93 220 213 Darreh-ye-Hoseyn Khani 
94 217 207 Hosneyabad 
95 223 206 Zaminabad 
96 219 201 Kachuyeh 
97 21 5 1 95 Mohsenabad 
98 213 186 Darreh Shahi 
99 221 187 Buraqabad 
1 00 221 182 Bukbuk 
101 227 195 Darreh Akhori 
1 02 223 248 Now Guran 
1 03 227 246 Bagh-e-Sham 
104 233 245 Kalleh Masih 
105 234 212 Qandab 
106 234 202 Darreh Parchi 
107 271 192 Morghak 
108 239 1 96 Qal' eh Afghan 
109 242 255 Bistegan 
110 241 248 Behjatabad 
111 241 245 Kalleh Mosalman 
112 250 252 Baba Sheyh Ali 
113 260 207 Shirinabad 
114 263 202 Sadeqabad 
115 262 196 Kariz 
116 261 186 Sibeh 
117 266 252 Hosneyabad 
118 272 250 Cham Gordan 
11 9 340 1 22 Nurabad 
120 345 126 Abrow 
267 
121 350 143 Asgharabad 
122 345 140 Lav 
123 345 110 Morad Kahrizi 
124 362 103 Ahmadabad 
1 25 353 86 Tang-e-Dozd an 
126 340 86 Chah Kanan-e-Hoseyn 
127 276 216 Hoseyn Amin 
128 279 201 Sol tanabad 
129 301 229 Asadabad 
130 300 218 Mobarakabad 
131 305 287 Kazemabad 
132 305 289 Kamalabad 
133 308 293 J afarabad 
134 306 299 Qal 1 eh-ye-Qasem 
135 310 308 Oshyan 
136 318 308 Siyah Bum 
137 313 320 Surcheh-ye-Bala 
138 320 312 Surcheh-ye-Pain 
139 304 1 92 J a 1 farabad 
140 307 182 Rezaabad 
1 41 309 185 Feyzabad 
142 315 192 Baqerabad 
143 314 1 94 Hasanabad-e-Birdkan 
144 330 241 Bodaghabad 
145 328 234 Asiyan 
146 330 232 Kalmaran 
147 336 230 Jannatabad 
148 324 225 Haselabad 
149 325 220 Qal 1 eh-ye-Shabzadeh-ye-Bala 
150 341 222 Qal 1 eh-ye-Shahzadeh 
151 344 243 Darcheh-ye-Kalmaran 
152 349 245 Vini 
153 354 246 Qal 1 eh-ye-Mirza Zaman 
154 354 247 Dizi 
155 350 225 Ebrahimabad 
1 56 350 225 Manuchehn 
157 342 178 Qal 1 eh Ghotan 
158 346 184 Shurjeh 
159 355 210 Aliabad 
160 362 213 Nasirabad 
161 370 220 Qahniviyeh 
162 366 231 Sarand 
268 
1 63 363 230 Sheykhabad 
164 361 230 Deh Now 
165 350 230 Sinabad 
166 372 235 Esmail Tarkan 
167 374 226 Shah Kuchek 
168 376 195 Dowlatabad 
169 376 151 Sharifabad 
170 384 155 Chashmeh Mostafa 
171 385 151 Karimabad 
172 358 245 Bisheh 
173 362 251 Mas 1udabad 
174 363 248 Allahabad-e-Pir Hajat 
175 367 252 Qal 1 eh-ye-Akbarabad 
176 370 255 Nukabad 
177 378 253 Lenj 
178 381 249 Khulenjan 
179 384 250 Aderkan 
1 00 387 258 Barchan 
181 392 257 Enamzad ih-ye-Sahah-e-Sad id 
182 391 264 Dastgerd-e-Mehravaran 
183 386 267 
184 379 267 Qal 1 eh-ye-Haj i Baqer 
185 379 269 Mazraecheh 
186 376 277 Dar kan 
187 370 273 Chehel Korreh 
1 00 368 281 Golgun 
189 360 200 Venhar 
1 90 358 287 Tad 
191 363 288 Kiyadjan 
1 92 365 200 Fi ruzan 
193 372 295 Pava 
194 372 299 Dastgerd 
195 372 301 Karushad 
1 96 371 304 Sangp1achi 
197 369 31 0 Rara 
193 371 314 Dastana 
199 373 322 Ma 1 dan-e-Shakhah 
200 368 298 Qal 1 eh Sarshit 
201 365 295 Cham Gusaleh 
202 358 298 Narkan 
203 345 295 Mazraeh-ye-Tad 
204 358 309 Hajiabad 
269 
205 350 307 Gavnan 
206 328 300 Oshtorjan 
207 350 311 Mamad 
208 355 308 Largan 
209 365 319 Habibabad 
210 361 319 Bagh Kumeh 
211 364 322 Sahlavan 
212 356 323 Ejgard 
213 351 323 Safiabad 
214 352 316 Darcheh Abad 
215 346 315 Zefreh 
216 344 314 Jilab 
217 337 311 Hasan Rashidi 
218 340 320 Darafshan 
219 340 322 Bondart 
220 336 325 Esfahran 
221 322 310 Bagh-e-Vohush 
222 327 328 Qal'eh Mir 
223 344 327 Dashteh 
224 342 322 Karuj 
225 341 346 Miyan Rashid 
226 345 348 Dastachi 
227 350 354 Riyakhun 
228 346 358 Gahfeshan 
229 329 362 Khorramabad 
230 355 360 Huyeh 
231 363 364 Ahmadabad-e-Marbin 
232 340 335 Shirvedan 
233 361 366 Dinan 
234 359 368 Valashan 
235 354 374 Hosneyabad 
236 347 372 Zazeran 
237 343 376 Karkhaneh-ye-Laftun 
238 355 384 Tiranchi 
239 343 379 Feyzabad 
240 341 381 Mazraeh-ye-Motamedi 
241 341 375 Emamzadeh Zarchan 
242 342 396 Kushk 
243 348 393 Ashgarabad 
244 362 392 Qal'eh-ye-Amiriyeh 
245 365 400 Aderyan 
246 371 401 Harestan 
270 
247 375 396 Qal 1 eh Forushan 
248 300 395 Gowd Rudkhaneh 
249 300 408 Ahmadabad 
250 378 418 Jafarabad 
251 371 422 Dastjerd-e-Qaddadeh 
252 370 430 Khashab 
253 351 431 Mazraeh-ye-Sadrabad 
254 376 439 Deh Now 
255 374 439 Qal 1 eh-ye-Sadi Azan 
256 382 420 Karimabad 
257 39) 428 Babukan 
258 395 436 Ashequabad 
259 408 429 Bahramabad 
260 398 451 Mosneyabad-e-Olya 
261 404 454 Sadeqabad 
262 398 457 Adelabad 
263 379 450 Aminabad 
264 370 449 Kafeh-ye-Nowshiran 
265 364 44 3 Manzariyeh-ye-Now 
266 381 460 Mahmudabad 
267 365 470 Bakhtiyar Dasht 
268 365 472 Gol Dasht 
269 365 482 Sherkat-e-Iran Chay 
270 368 491 Parvaneh 
271 371 498 Keshtzar-e-Safa 
272 369 499 Hajiabad 
273 362 495 Karkhaneh-ye-Taj 
274 355 528 Karkhaneh-ye-Baresh 
275 368 520 J afarabad 
276 39) 510 Gorgab 
277 381 504 Rashidabad 
278 384 496 Mohammadabad 
279 382 49) Ghaffarabad 
200 381 485 Hosneyabad-e-Karchi 
281 391 484 Chah-e-Zargartha 
282 405 519 Zamanabad 
283 419 507 Sin 
284 430 499 Allahabad 
285 421 473 Katayoncheh 
286 420 469 Deligan 
287 421 460 Sharif a bad 
2ffi 41 5 448 Danicheh 
271 
289 418 435 Tabas 
2<::() 418 426 Biji 
291 429 429 Kari 
292 425 423 Tameh 
293 430 424 Azadan 
294 435 427 Kasareh 
295 437 425 Savareh Bagh 
296 432 421 Hadi Kowli 
297 434 457 Ernamzadeh Mahmud 
2SB 431 457 Ashrafabad 
299 428 456 Mir Qasem Beyg 
300 442 471 Lishi 
301 431 464 Saidabad 
302 429 461 Mir Mahmud 
303 427 464 Hasanabad 
304 436 486 Ludricheh 
305 441 492 Zamanabad 
306 459 501 Shahpurabad 
307 457 533 Abbasabad 
308 462 529 Darmiyan 
309 467 523 Kamalabad 
310 490 537 Kumeshcheh 
311 496 539 Hemhatabad 
312 482 528 Talebabad 
313 496 525 Tirabad 
314 478 514 Sheklabad 
31 5 481 502 Golababad 
316 485 496 Manabad-e-Chi 
317 485 483 Cheraghabad 
318 470 479 Aliabad-e-Molla Ali 
319 469 474 Jurabi 
320 465 481 Sefidabad 
321 465 475 Rashtvan 
322 452 428 Savarchi 
323 452 417 Jerkan 
324 454 412 Jowharan 
325 462 413 Lafdan 
326 479 415 Giyan 
327 466 411 Radan 
328 451 411 Jeyran 
329 450 405 Oskalan 
330 448 402 Kuhsar 
272 
331 451 399 Hafdan 
332 452 393 Kalam 
333 455 390 Kordabad 
334 458 385 Hastan 
335 352 66 Shur Chashmeh 
336 464 300 Sanj a van Marreh 
337 465 377 Zavan 
338 455 383 Jey Shir 
339 475 393 Karkhaneh-ye-Qand Sazi 
340 482 398 Khatnabad 
341 474 401 Mohammadabad 
342 485 406 Muran 
343 490 404 J olmarz 
344 495 398 Dastgerd 
345 506 397 Qasr-e-Gavart 
346 513 412 Hasanabad 
34 7 342 092 Chah Kanan-e-Haj Ebrahim 
348 341 090 Shah Kanan-e-Mostafa 
349 527 415 Jaladerm 
350 524 406 Kheyrabad 
351 527 395 Susart 
352 543 403 Kalmanjan 
353 527 383 Aminabad 
354 540 374 Shahabad 
355 554 375 Aliabad 
356 554 369 Abbasabad 
357 538 363 Qal'eh Baghal 
358 515 365 Qal' eh-ye-Zeynabiyeh 
359 470 371 Penart 
360 475 366 Rowshan Dasht 
361 475 357 Agrabani 
362 481 345 Mahmudiyeh 
363 485 340 Zardanjan 
364 491 332 Sereshg Baderan 
365 501 334 Kaj 
366 505 333 Shahruruz 
367 503 347 Qal'eh Sorki 
368 506 351 Juzdan 
369 516 345 Konjevan 
370 512 339 Monshiyan 
371 518 338 Bacheh 
372 523 345 Abad 
273 
373 523 348 Namzad 
374 550 356 Dastjerd-e-Var 
375 571 351 Fesaran 
376 518 334 Dulab 
377 525 336 Vejareh 
378 537 341 Erarn Posht 
379 542 333 Yayaabad 
300 361 58 Fathabad 
381 355 59 Qamishlu 
382 351 55 Yaqubabad 
383 559 334 Akbarabad 
384 560 332 Jaja 
385 556 334 Hajiabad 
386 558 330 Dideran 
387 559 328 Karvanchi 
388 565 330 Dasteja 
389 569 330 Rahmatabad 
390 575 330 Esfina 
391 593 327 Bersiyan 
392 595 336 Majidabad 
393 576 343 Timyart 
394 61 2 340 Khuya 
395 625 329 Marchi 
396 621 314 Jombozeh 
397 656 318 Madargan 
398 655 308 Sichi 
399 652 342 Qal'eh Siyan 
400 646 394 Mazraeh-ye-Hosneyabad 
401 637 394 Mazraeh-ye-Al iabad 
402 640 409 Mazraeh-ye-Shur 
403 653 428 Majiabad 
404 626 425 Mazraeh-ye-Now 
405 620 430 Yek Lengi 
406 584 457 Mehdiabad 
407 675 408 Behj atabad 
408 690 396 Raj iabad 
409 672 365 Kheyriabad 
410 678 342 Qal'eh Sareban 
411 600 331 Kamandan 
412 670 324 Pajikabad 
413 669 319 Halarteh 
414 669 312 Sokun 
274 
415 666 322 Senuchi 
416 702 295 Feyzabad 
417 701 305 Sorushan 
41 8 700 31 5 Shah Tur 
419 697 327 Hashemabad 
420 701 330 Kalil 
421 718 355 Heshmatabad 
422 726 363 Chaheh 
423 726 353 Khanabad 
424 737 389 Jarzan 
425 746 385 Esfidab 
426 748 385 Qehi 
427 746 381 Kohani 
428 746 377 Hasanabad 
429 742 378 Mazraeh-ye-Sefid 
430 744 382 Kolpeh 
431 756 349 Nurabad 
432 761 340 Aminabad 
433 759 334 Sayyedabad 
434 721 313 Qamshan 
435 732 308 Kishi 
436 755 300 Siyan Va Qal' eh-ye-Bala 
437 770 325 Almanzabad 
438 771 336 Borj-e-Dizehchi 
439 769 347 Mazraeh-ye-Bala 
440 767 350 Hosneynabad 
441 781 331 Beshnaqabad 
442 782 328 Sheykhabad 
443 839 318 Kebrit 
444 839 311 Sharifabad 
445 835 310 Baqerabad 
446 830 288 Qurtan 
44 7 842 282 Asengaran 
448 861 259 Jabesht 
449 853 275 Farchviz 
450 841 271 Sonbolabad 
451 843 265 Yasna 
452 838 200 Ashkoran 
453 832 200 Abolmaali 
454 826 284 Balan 
455 830 271 Sohran 
4 56 830 255 Bazm 
275 
457 814 254 Kafrud 
458 808 255 Es-Haqabad 
459 791 282 Farfan 
460 791 276 Kafran 
461 785 263 Tahrnuresat 
462 782 265 Abolkheyr 
463 780 286 Rangdeh 
464 772 282 Talj erd 
465 750 289 Ezhyeh 
466 755 174 Nabiabad 
467 750 170 Mazraeh-ye-Arab 
468 730 168 Hajiabad 
469 721 167 Ahmadabad 
470 714 174 Knalifeh 
471 711 162 Mazraeh-ye-Paykan 
472 703 290 Sharifabad 
473 670 245 Hosneyabad-e-Musli 
474 681 203 Yankabad 
4 75 682 177 Ganj iabad 
476 666 167 Peykan 
477 661 211 Saadatabad 
478 646 249 Mozaffarabad-e-Kuhak 
479 646 230 Aminabad 
4ffi 64 7 229 Dasht Aseman 
481 645 227 Dashti Jahan 
482 644 223 Hosneynabad 
483 637 207 Azar Kharan 
484 636 211 Dehchi 
485 656 166 Shojaabad 
486 627 237 Ganjabad 
487 61 5 237 Rahrnatabad 
488 355 55 Shah Morad 
489 613 213 Mohammadabad 
490 617 194 Aminabad 
491 599 199 Nasrabad 
492 600 271 Qarneh 
493 620 310 Shah Karaam 
494 570 313 Mehdiabad 
495 561 309 Qal' eh Now 
496 571 279 Lajanabad 
4gT 558 291 Haj iabad-e-Varposht 
498 555 313 Andelan 
276 
499 551 319 Ziar 
500 538 316 Ozvarcheh 
501 549 299 Rahimabad 
502 549 291 Mohammadabad 
503 542 325 Ozvar 
504 540 320 Borakan 
505 538 316 Pileharven 
506 541 312 Eziran 
507 538 311 Karveh 
508 530 305 Ruran 
509 523 317 Kaldun 
510 540 316 Liyan 
511 522 323 Abbasabad 
512 518 311 Hormozabad 
513 518 306 Sheydan 
514 518 328 Karchegan 
515 512 331 Ichi 
516 504 323 Jar 
517 510 320 Yafran 
518 499 316 Kabutarabad 
51 9 501 313 Kabutarabad 
520 496 326 Golestaneh 
521 483 323 Kureh-ye-Ajorpazi-ye-Dashti 
522 482 327 Dashti 
523 474 338 Heydarabad 
524 470 350 Rashnan 
525 463 351 Esfanak 
526 468 357 Qal'eh Bisheh 
527 465 362 Radan 
528 461 371 Pidan 
529 460 373 Piyadan 
530 459 375 Denart 
531 425 360 Chashmeh Tut 
532 376 385 Dombeh 
533 375 372 Darb-e-Ernamzadeh Jazin 
534 378 371 Khalaj 
535 376 368 Heydar Ali-Ye Qasemi 
536 378 361 Yazdabad 
537 300 359 Hasanabad 
538 367 354 Karsegan 
539 361 355 Hosneyabad 
540 358 352 Musiyan 
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541 355 349 Madan-e-Yazdabad 
542 376 348 Damc1ari-ye-Kiyan 
543 382 353 Karkhaneh-ye-Siman 
544 474 509 Rahimabad 
545 381 340 Hakami 
546 378 338 Pishahangi 
547 379 341 Madan-e-Gardaneh 
548 342 377 Bagh-e-Abrisham 
549 525 518 Rahmatabac1 
550 368 327 Madan 
551 300 31 0 Siyah Afshar 
552 391 312 Chahar Borj 
553 388 308 Sadeqabac1 
554 398 306 Qal' eh Sorkh 
555 394 301 Al iabac1 
556 404 300 Vazirabad 
557 397 298 Mehregan 
558 386 293 Pelartegan 
559 385 29J Pelart 
560 382 281 J amalabad 
561 386 279 Zudan 
562 386 275 Jushan 
563 460 378 Salimi 
564 383 273 Heratameh 
565 399 281 Boruzad 
566 395 285 Darafshan-e-Garkan 
567 401 291 Rahimabad 
568 391 289 Semsan 
569 392 29J Fartkhan 
570 396 295 Ali Shahdan 
571 401 272 Akbarabad 
572 407 272 Feyzabac1 
573 415 270 Mazraeh-ye-Hasan 
574 405 262 Juzharestan-e-Sofla 
575 402 262 Juzharestan-e-Olya 
576 402 261 Arazi 
577 396 258 Bagh-e-Malek 
578 401 253 Abbasabad 
579 414 256 Asadabad 
500 418 329 Baba Shah 
581 429 332 Mohammadabad 
582 425 324 Mohammadabad 
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583 429 314 Tavakkol 
584 434 318 Bastanabad 
585 440 328 Mur i 
586 445 329 Vallidllah 
587 447 324 Bahreyni 
588 44 7 317 Shahi 
589 447 315 Abdallah 
590 460 31 5 Qal' eh Shur 
591 455 310 Morgh 
592 453 312 Aqa Jalal 
593 485 305 Baharestan 
594 451 281 Sayyed Mostafa 
595 436 276 Karkhaneh-ye-Kaghazsazi 
596 4 34 276 Ami nab ad 
5CJ7 430 273 Sadrabad 
598 4 30 271 Mazraeh-ye-Al i 
599 434 271 Farajollah 
600 428 265 Deh Sorkh 
601 449 275 Haj Mahmud 
602 456 270 Qasemabad 
603 452 268 Zarrin Dasht 
604 458 265 Aliabad 
605 461 264 Majidiyeh 
606 458 261 Ahmadabad 
607 444 264 Rashidabad 
608 448 260 Haj Ahmad Aqa 
609 411 1 42 Kheyrabad 
610 430 157 Aliabad 
611 430 138 Aliabad 
612 424 133 Naserabad 
613 423 127 Jambazeh 
614 423 120 Aliabad-e-Aqa 
615 418 117 Kharimabad 
616 422 135 Aliabad 
61 7 400 111 Feyzabad 
618 429 114 Qambovan 
619 431 109 Ganj Qobad 
620 433 070 Bodaghabad 
621 442 089 Hasanabad-e-Okhovart 
622 438 090 Shahabad-e-Jey 
623 438 093 Shahabad 
624 439 102 Pudeh 
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625 445 1 08 Ahmadabad-e-San 
626 447 103 Qaheh 
627 450 103 Ostan Mahnmd 
628 458 103 Kazemiyan 
629 479 110 Mohammadi 
630 470 113 Khezri 
631 465 115 Mortaza Esleh 
632 460 111 Haddad 
633 455 108 Saidabad 
634 450 114 Shah Moradi 
635 469 098 Hajjatollah-e-Mahnmdi 
636 469 098 Aminanabad 
637 469 078 Raft Yeki 
638 444 054 Yuzgir 
639 451 053 Laricheh 
640 451 022 Aliabad-e-Kohneh 
641 444 029 Baba Sheykh Hoseyn 
642 441 036 Kareh 
643 432 59 Mediabad 
644 430 050 Sharifabad-e-Mulavi 
645 428 042 Qanat-e-Sefid 
646 432 037 Hosneyabad 
647 402 034 Tappeh Sorki 
648 521 162 Qal'eh Sefid 
649 524 150 Takht-e-Safa 
650 525 144 Rahimabad 
651 514 139 Shurheh-ye-Abrow 
652 509 1 38 Qasemabad 
653 478 250 Ghazanfariyeh-ye-Olya 
654 484 250 Mosiyo Avanes 
655 479 249 Ghazanfariyeh-ye-Olya 
656 487 247 Abshirin-e-Ghazanfariyeh 
657 487 245 Golnarabad 
658 484 243 Hamidabad 
659 490 232 Hosneyabad-e-Shokrai 
660 498 221 Habibabad-e-Jadid 
661 483 21 8 J avadabad 
662 482 225 Mo'temedabad-e-Jalalliyeh 
663 481 230 Mehdiabad 
664 483 233 Baqerabad 
665 4ffi 245 Hosneyabad 
666 491 235 Chah-e-Mansariyeh 
2ffi 
667 513 071 Modarresniya 
668 501 188 Mahyar 
669 496 206 Eftekhariyeh 
670 471 220 Mohammadabad-e-Nabivi 
671 470 218 Hasanabad-e-Jadid 
672 471 21 0 Kamalabad 
673 472 197 Heydarabad 
674 473 1 ~ Bardabad 
675 452 213 Aliabad-e-Sayyedabad 
676 436 229 Izadiyeh-ye-Jadid 
677 465 255 Doktor Sanati 
678 451 227 Khorramabad 
679 477 255 Ghazanfariyeh-ye-Jadid 
600 471 245 Shah Barqi-ye-Rowshan Dasht 
681 464 227 Yusefabad 
682 465 218 Sedehiha 
683 475 221 Haj Reza 
684 4 77 221 Haj Faraj allah 
685 4 73 238 Almasiyeh 
686 332 126 Ancheh Darreh 
687 465 255 Taqlabad 
688 325 118 Aliabad-e-Sofla 
689 475 125 EBfandiyar 
6~ 395 170 Sayyedabad 
691 393 166 Aminabad 
692 403 169 Kharab 
693 414 173 Peymar 
694 384 210 Iraqiyen 
695 311 1 ~ Abbasabad 
696 370 230 Hosneyabad 
697 467 447 Hemmatabad 
698 400 450 Shahamzi 
699 486 450 Hasanabad 
700 492 448 Hosneyabad 
701 466 438 Jelvan 
702 485 433 Mulenjan 
703 478 434 Dinan 
704 400 440 Vasgan 
705 491 430 Zamanabad 
706 501 436 Meyabad 
707 504 431 Dastgerd 
708 457 436 Dark 
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. 709 450 435 Bisim 
710 454 424 Arzenan 
711 38) 411 Juabad 
712 312 235 Qoroq Ali 
713 358 348 Kuh Sefid 
714 350 348 Vahid 
715 355 338 Shimiya 
716 364 303 Filvargan 
717 363 303 Lurak Sakan 
718 383 370 Pokureh 
719 184 305 Amirabad 
720 223 193 Abbasabad 
721 225 201 Zarrin 
722 191 214 Ruhollah 
723 765 345 Mazraeh-ye-Pain 
724 815 324 Hashemabad 
725 9JO 268 Dizi 
726 950 234 Shakh Miyan 
727 509 335 Najaf 
728 557 340 Kuban 
729 565 338 Varkonjed 
730 529 505 Mehdiabad 
731 526 525 Farahabad 
732 462 359 Qal'eh Mardan 
733 466 356 Eshkauand 
734 480 334 Sadeqabad 
735 392 285 Kalisan 
736 376 294 Pir Pakran 
737 203 371 Rahmatabad 
738 210 484 Qameshlu 
739 260 518 Shah Mahur 
7 40 1 58 346 Hosneyabad 
741 164 308 Qaderabarl 
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